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ABSTRACT

Nunez, Helen S. M.S.I.T, Purdue University, December 2014. An Assessment of the
Assimilation of Lean and Supply Chain Management Practices in the Construction
Industry. Major Professor: Chad Laux.

The purpose of this research was to identify and assess the factors
corresponding to Lean and Supply Chain Management that are currently applicable to
the construction industry. These factors were originally extracted from manufacturing
research and practice and corroborated construction industry literature and expert
validation. Using Pearson’s correlation coefficients, the researcher was able to identify
the correlation among factors and with the identified measures of overall performance.
Another important output of this research was the ability to compare the construction
industry response level with a preceding study from manufacturing. The data was
collected through a survey sent to general contractors, construction managers, designbuilder companies, engineering and construction companies, and specialty contractors.
The results from this study provided an understanding of the assimilation level of the
Lean and Supply Chain Management factors in Construction. The level of assimilation
facilitated the identification of areas of strength and weakness of this industry.
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CHAPTER 1.

1.1

INTRODUCTION

Introduction

There is extensive research in the field of Supply Chain Management (SCM),
especially in industries like manufacturing that, since the development of productivity
models such as the Toyota Production System and the Total Quality Management
theory, have grown to adapt SCM and Lean practices (Alfalla-Luque & Medina-López,
2009).
Many industries (manufacturing, aerospace, services, etc.) have seen a
competitive advantage to the adaption of Lean and Supply Chain: Improved flow of
processes, improved employee morale, increased productivity, reduced waste,
production cost savings, and ultimately improved customer satisfaction (Alfalla-Luque &
Medina-López, 2009). However, industries like construction have a different nature of
processes. Little is known about the identification of important factors for construction
improvement and the lack of studies on the current use of those main practices in the
field.
Construction is a project-base industry that is constrained by constantly
interchangeable external factors that fragment it (Segerstedt & Olofsson, 2010). Due to
these characteristics, construction has had a slow paced assimilation of productivity
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models and practices like Lean and SCM. It has only been in recent years that
integration methods for synchronization that includes suppliers, subcontractors, and
any other stakeholder have been emerging (Khalfan & McDermott, 2006). While the
understanding of the importance of SCM and Lean methods has been recognized by
experts in this sector (Eriksson, 2010), there is still a need to understand the impact on
performance to the adaption of these practices.
The research presented here identified the practices that the construction sector
should aim to apply pertaining to Supply Chain Management and Lean Construction,
through the use of a modified model initially proposed by Tracey, Fite, and Sutton
(2004). The original model served as a base to measure critical success factors of Supply
Chain Management adaption and their impact on overall performance in the
manufacturing industry. The model and survey instrument developed by Tracey et al.
(2004) were adapted to measure these and other important additional factors in the
construction industry. Additional to the original survey dimensions, a Lean practices
dimension was included due to the incremental importance of this area in productivity
theory. This modified instrument serves as research tool to assess the construction
industry performance in terms of Lean and Supply Chain Management based on
manufacturing principles.

1.2

Scope

In this research, Lean and Supply Chain Management factors were defined and
measured based on those manufacturing concepts which were applicable to the
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construction industry. The majority of factors were adapted from the explanatory model
proposed by Tracey et al. (2004) and modified for sense making in the construction
sector. The factors were grouped into dimensions that measured the level of
assimilation in: Lean practices, technology utilization, internal and external relationships,
integrated product development, transportation effectiveness, inventory management,
and overall performance. Each of these dimensions contained a set of factors explained
in detail below. The modifications to the original model are based on current literature
review and on a revision with construction experts to assure the best adaption to the
industry under study.
The scope of this research is delimited by the researched sample, which is
intended for general contractors, construction managers, engineering construction
companies, design-built companies, and specialized contractors in the United States.

1.3

Significance

According to the Bureau of Labor Statistics, the construction industry holds a
current employment in the US of six million employees (Bureau of Labor Statistics, 2014).
The construction industry has been steadily growing after the 2008 recession and
increasing its market share. Despite the recovery and new growth of the industry,
construction has been characterized as deficient in terms of performance when
compared to other industries (e.g. automobile, food, aerospace, etc.) (Dainty, Millett, &
Briscoe, 2001). Only less than 30% of construction projects come in on time and within
budget and specification (Haynes, Tapping & Pratt-Williams, 2012), this creates an
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opportunity to propose production adjustments and integration practices for overall
improved performance.
The significance of this research was framed on the opportunity to assess the
current performance of the construction industry and the levels of assimilation in
regards to Lean and Supply Chain Management practices in order to identify the areas
of lesser adaption and propose practical and strategic adjustments.
The findings served as a reference point for proposal of areas of improvement
and identification of barriers for the construction industry and its partners. This research
also serves as reference for future extended research in this area.

1.4

Research Questions

The research questions of this study were:


What is the current use of Lean and Supply Chain Management practices in
construction projects?



How do Lean and Supply Chain practices in construction correlate to
overall performance measures?



How does construction assimilation of Supply Chain Management compare
to manufacturing assimilation Supply Chain Management?
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1.5

Statement of the Problem

There is potential to improve the construction industry by integration of its
components and participants. Supply Chain Management and Lean Practices have
provided integration and optimization of flow in manufacturing. The inclusion of Supply
Chain Management and Lean practices proposes a way to improve the criticized
performance and reduce fragmentation of the construction industry.

1.6

Assumptions

The assumptions of this study were:


That Supply Chain Management and Lean Construction are relevant to the
overall performance of the Construction Industry.



The specialty contractors (e.g. mechanical, electrical, roofing, etc.) are vital to
overall performance improvement.



That the constructs measured, based on literature and expert advice, are
relevant to the Construction Industry.



That the explanatory model and survey instrument that serves as a base is valid
and reliable.



That the Construction Industry participants understand the basic concepts of
Lean and Supply Chain Management.
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1.7

Limitations

The limitations of this study were:


This study focused on stratified sample: General contractor companies, general
management companies, specialty contractor, and engineering construction
companies.



This study was limited to the survey response and responder knowledge of the
concepts under study.

1.8

Delimitations

The delimitations of this study were:


Results were limited to the adaptation of the model and instrument developed.



The comparison between construction and manufacturing SCM practices was
limited to the results found by Tracy et al. (2004) in his explanatory research.



The survey instrument did not cover all Lean practices used in manufacturing,
but only those found relevant to the construction sector.

1.9

Definitions and Key Terms

Construction Manager/General Contractor: “The general contractor is a manager, and
possibly a tradesman, employed by the client on the advice of the architect, engineer or
the architectural technologist or the client him/herself if acting as the manager. A
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general contractor is responsible for the overall coordination of a project.” (Shekhar,
2005, p.69).
Specialty contractor: “Generally known as Subcontractors, these specialty firms include
mechanical, electrical, excavation, and demolition contractors. They are usually hired
and work directly for the general contractor. Specialty firms supply most of the material
and labor on the job.” (Koch, 2011, p.85).
Integrated Project Delivery (IPD): “IPD is a relational contracting approach that aligns
project objectives with the interest of key participants. The fundamental principle of IPD
is the close collaboration of a team that is focused on optimizing the entire project as
opposed to seeking the self-interest of their respective organizations.” (Forbes, 2010, p.
459).
Prefabrication: Also known as Modular Construction. “It consists on the fabrication of
building components and systems off-site and in a controlled manufacturing plant.”
(Adrian, 2004, p.17).
Pull-system: “Pull-system is an approach that works by pulling work through the factory
to meet customer demands. Here, the upstream work is pulled to assure the "demand"
(continuity) from its customer, i.e., downstream work.” (Yang & Ioannou, 2001, p.23).

1.10 Abbreviations
SCM: Supply Chain Management.
IPD: Integrated Project Development/Delivery.
LCI: Lean Construction Institute.
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EPCM: Engineering, Procurement, and Construction Management firm.
JIT: Just-in-time delivery.

1.11 Summary
The construction industry, just like other industries, is as good as the parts that
comprise it. This industry can be described as a rapid change, volatile, and projectconstrained enterprise that has been waiting for performance improvements that could
create a better competitive advantage. Lean and Supply Chain Management are an
essential part of the proposed solution to solve major inefficiency problems related to
technology, internal and external relationships, logistics, and inventory management
performance. This study aimed to understand what the current construction industry
practices are compared to the typical manufacturing practices, as well as to understand
the correlation between the SCM, Lean, and Performance and their impact on overall
performance in order to provide recommendations for industry improvement focus.
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CHAPTER 2.

REVIEW OF THE LITERATURE

2.1

Introduction

The construction industry is atypical in many ways. From planning to final
product delivery, construction is constrained by variables of location, contract type,
delivery method, availability of subcontractors, labor personnel, and customer
requirements (Adrian, 2004). Due to the complexity of critical factors for success and
the nature of the market, Segerstedt and Olofsson (2010) define the uniqueness of
construction as “highly volatile”. It is this volatility that has created obstacles for
standardization of processes and for formal integration of all components within the
chain projects. The lack of productivity standardization, mentions Adrian (2004) is,
according to the Federal Price Commission, one of the most detrimental reasons for any
industry productivity increase.
Construction is a unique industry. Adrian (2004) in his book provides a summary
of the factors that make this industry so complex. He mentions the particularities of
every piece of the puzzle. His summary is described in Table 2-1.
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Table 2-1. Particularities of the Construction Industry
Industry-related factors

Labor-related Factors

Management-related Factors

Uniqueness construction projects

High percentage of labor cost

Poor cost systems and control

Varied locations
Adverse, uncertain weather and
seasonality

Variability of labor productivity
Supply-demand characteristics of
industry

Poor project planning
Poor planning for measuring and predicting
productivity

Dependence on the economy

Little potential for labor learning

Small size of firms

Risk of worker accidents

Lack of Research and Development

Union work rules

Restrictive building codes
Governement labor and environmental
laws

Low worker motivation

Note: Adapted from Construction Productivity: Measurement and Improvement, p.20, by J. Adrian, 2004.

Apart from the complexities shown in Table 2-1, the construction industry is a
make-to-order transactional industry, and with unique dynamics that are typical to the
construction execution. Some of these transactions are: Engineer-to-order, design-toorder, modify-to-order, and configure-to order (Segerstedt & Olofsson, 2010), which
increase the level of complexity and add more dimensions to the integration and
synchronization. These transactions can also define the type of project contractual
agreement and delivery method (Segerstedt & Olofsson, 2010).
Besides the nature of transactions and interactions between stakeholders, unlike
manufacturing, in construction every project can be unique and the requirements can
constantly change based on the customer and external factors. However manufacturing
has provided a good starting point for construction to think about performance and
improvement.
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2.2

Manufacturing: The Origins of Performance Improvement

Manufacturing has a strong bond to performance improvement history. From
Henry Ford specialization up to today’s methods for maximization of productivity,
manufacturing has been leading the way for other type of industries in the performance
improvement arena. Table 2-2, taken from Adrian (2004) shows how manufacturing
productivity increase percentages stand above many other industries and high above
construction productivity performance by almost two percent.
Table 2-2. Productivity Increases for Various Industries
Productivity Increase
Industry
(%)
Agriculture

3.64

Construction

0.80

Government

1.64

Manufacturing

2.60

Mining

3.17

Public Utilities

5.40

Transportation

4.60

Note: Adapted from Construction Productivity: Measurement and Improvement, p.21, by J. Adrian, 2004.

Some of the benefits and outcomes perceived by process performance
improvement in manufacturing are significant cost savings, improved work
environments, and improved employee morale are some of the benefits of process
performance improvement implementations. Initiatives such as the Toyota Production
System (TPS), Six Sigma DMAIC, and Statistical Process Control were born in
manufacturing scenarios. These methodologies and practices have proven so effective
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that they have expanded into other type of industries due to their proven efficiency and
effectiveness (Rudden, 2007).
Even though the supply chain has always inherently existed in operations, Supply
Chain Management was born in manufacturing in the 1980’s (Alfalla-Luque & MedinaLópez, 2009). The concept of Supply Chain Management is born almost at the same time
as many process improvement methodologies in the United States. From that point on,
SCM has become a central part of manufacturing operations.
Supply Chain Management grew to become a field of study that encompasses
the production processes involved in the creation and management of a product or
service, from purchasing and storage of raw materials to delivery of finish product to the
end customer (Alfalla-Luque & Medina-López, 2009).
Derived from manufacturing methods for management of the chain of suppliers
became popular. Fundamental methods, practices, and rules were developed to manage
inventory levels, material inspection, transportation of goods, storage of products,
relationships with suppliers, schedule optimizations, forecasting and planning strategies,
technology enhanced transactions, among other specializations. All these areas focus
on the optimization of processes to provide the best value for the enterprise and to the
end customer.
Tracey et al. (2004) provided an outline for the measurement of performance of
the supply chain in manufacturing. Tracey et al. (2004) research focused on the
development and validation of a tool to measure the level of assimilation that a specific
enterprise has regarding SCM practices. The researchers were able to develop a
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comprehensive instrument that allows replication in other areas. Actually, as part of the
recommendations of their explanatory model, Tracey et al. (2004) support the idea of
expanding this research into other type of industries.
Another popular improvement concept was born in manufacturing, it was called
Lean. Lean was first adapted by the international auto production after World War II
(Aziz & Hafez, 2013). Derived from the necessity to reduce waste, Lean became an
adaptable tool set for manufacturing companies to clean their processes from waste in
the form of time, motion, scrap, rework, and defects. It became popular worldwide at
the beginning of the 1990’s when it emerged as a more formal practice: Lean Production
(Aziz & Hafez, 2013).
Construction started adapting some of the Lean concepts in 1992 as part of a
new production philosophy, according to Koskela (1992). In this important study for the
construction industry, Koskela (1992) acknowledges how the manufacturing sector has
gained performance through this new production philosophy and how construction
would be benefited of adapting a new view where construction projects consisted of
three main flows: Design process, material process, and work process (Koskela, 1992).
Interestingly, these flows described by the researcher are intertwined with the supply
chain of the processes as well.

14

Figure 2-1. Lean journey to implement Lean ideal.
Adapted from “Applying Lean Thinking in Construction and Performance Improvement”, R. F. Aziz, 2013,
Alexandria Engineering Journal, 52(4), p. 682. Copyright (2013) by R. F. Aziz

As from the beginning of the 1990’s, the construction industry, which is
categorized as part of the “goods-producing super-sector” (Bureau of Labor Statistics,
2014), has been slowly adapting some of practices used in manufacturing that boost
performance and positively impact the bottom line, however there is still not enough
evidence of how these practices are affecting the bottom line, or how are construction
companies applying these new production philosophies.
Manufacturing productivity practices have laid the foundation and serve as the
starting point for other industries to measure their current state of performance and
formally adapt productivity improvement practices such as Lean, and Supply Chain
Management.
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2.3

Historical Production Performance in Construction

The specific characteristics of the construction industry have impacted its
performance (Eriksson, 2010). In general, construction has been criticized for its inability
to understand the contextual factors, the best practices, and the general dynamics of
industry organization.
Data demonstrates how the construction industry has not been able to reach the
same productivity level that the manufacturing industry has achieved throughout the
years. Figure 2-2, from the Bureau of Labor Statistics (2014) shows the negative slope of
construction productivity performance versus the positive slope of manufacturing over
five decades:

Figure 2-2. Construction and Non-Farm Labor Productivity Index.
Reprinted from the Bureau of Labor Statistics, Productivity Index Report, 2014.
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Literature shows how the productivity issue of the construction industry is a
worldwide concern. European and Asian countries, as well as governmental agencies
have expressed their concern and have emphasized the need for a performance
improvement in this industry through emblematic reports such as The Egan Report and
The Latham Report (Kashiwagi, Kashiwagi, & Savicky, 2009). Government studies and
reports from different places around the world are trying to identify the changes and
needed practices that could lead to a higher competition level in the construction sector
(Eriksson, 2010; Fernie & Thorpe, 2007).
Characteristics of the construction industry, as described by Segerstedt and
Oloffson (2010), such as unique products, temporary production site, and temporary
organization are inhibiting the sector from the achievement an efficient flow as the one
attained in manufacturing. Vrijhoef and Koskela (2000) also reaffirm the fact that
productivity increase has been slow and it has not been enough to compensate for the
increase in other direct costs such as labor.
Segerstedt and Olofsson (2010) recognized the need for integrated management
between the activities in the jobsite and the supply chain organization, and even though
this recommendation could be found as evident, it is a large task that requires a full
understanding of the chain of processes, standardization, and metric driven
performance, which many construction companies seem to lack.
Typically, construction as well as other industries, have limited the concept of
productivity to the amount of work performed by the person-hours of effort (Adrian,
2004). This definition of productivity is not completely incorrect, but it represents one of
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the problems that the construction sector has been carrying for a long time. Adrian
(2004) explains:
When we think about productivity in the construction industry, we tend to focus
on labor productivity. It is common to view labor as the cause of good or poor
project performance. In reality labor is only one component of project
productivity and profitability. Labor, materials, and equipment are all
interdependent. (Adrian, 2004, p.193).
But why are construction and construction productivity important? First,
construction plays an important role in economic growth. It contributes to the socioeconomic development through the creation of employment and infrastructure for
other productive activities such as commerce and services. The dynamic interactions of
the construction industry are important to the economic development. Construction
also provides a source of employment to all kinds of skillsets; however, its productivity is
low. According to Lowe (2003), highly developed economies, like the U.S, have a
construction economic value added of only seven to ten percent, meaning that there is
close to 90% of non-value added activities to complete a construction project. The
better an industry can perform concerning its productivity, the more others will be
beneficiated by the same. Figure 2-3 from Wibowo (2009) shows some of the economic
interactions derived from the construction business.
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Figure 2-3. General Contractor Expenditure.
Reprinted from “The Contribution of the Construction Industry to the Economy of Indonesia: A Systematic
Approach”, by A. Wibowo, 2009, p. 5. Copyright (2009) by A. Wibowo.

Another reason of why the Construction Industry productivity is relevant is due
to the wasteful management of resources and time. Adrian (2004) estimated that
between 40 and 60 percent of a typical construction day comes from non-productive
time. Aziz and Hafez (2013) also found that there is close to 60% of wasteful activities in
construction versus 12% in manufacturing, as depicted in Figure 2-4 (Aziz & Hafez, 2013).
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Figure 2-4. Manufacturing vs. Construction Productive Time and Waste.
Adapted from “Applying Lean Thinking in Construction and Performance Improvement, R. F. Aziz, 2013,
Alexandria Engineering Journal, 52(4), p. 682. Copyright by R. F. Aziz

Waste can be an interesting metric to measure productivity. Aziz and Hafez
(2013) describe it as follows: “Waste measures are more effective to support process
management, since they enable some operational costs to be properly modeled and
generate information that is usually meaningful for the employees.” (Aziz & Hafez, 2013,
p. 682).
A wasteful industry, such as construction, will be required to tackle the
problematic areas before any quality or improvement plan can be implemented.
Another compelling argument to have a focus on the improvement of the
construction industry through the use of Lean and Supply Chain practices is to
understand the forecasted growth of this industry. According to the Bureau of Labor
Statistics, construction is an industry that is expected to grow the most among the
goods-producing sector, which comprises agriculture, mining, construction, and
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manufacturing. The 2012 Industry Employment Outlook Report for 2010-2020 reports
that:
Within the goods-producing sectors, construction is expected to add the most
jobs, 1.8 million, over the projection period, reaching [a total] nearly 7.4 million.
The increase of 1.8 million jobs is the largest increase in employment among all
industries. Productivity gains will help output in the goods-producing sector to
increase 2.9 percent annually, to reach almost $7.4 trillion by 2020. In addition,
the construction sector is projected to have the fastest real output growth rate,
3.8 percent per year, among the goods producing sectors. (Henderson, 2012, p.
68).
Figure 2-5 (Henderson, 2012) shows the projected employment of the
construction industry. The projection for 2020 is the closest to the largest employment
ever recorded, which was in 2006 right before the 2008 recession.

Figure 2-5. Wage and Salary Employment in Construction, 2000-2010 and projected
2020.
Reprinted from “Industry Employment and Output Projections to 2020”, by R. Henderson, Monthly Labor
Review, 2012, p. 79. Copyright (2012) by R. Henderson
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The report also touches on the fragility of the construction business and the poor
resilience it has shown after recession times. The report informs that the recession hit
the construction industry harder than other industries, causing a drop of 2.1 million jobs
between 2007 and 2010 (Henderson, 2012). Even though there is a positive forecast
increase in jobs in the Construction industry for the next six years, manufacturing is still
the dominant industry within the goods-producing industry category regarding
economic output. Manufacturing is expected to increase its output from $4.4 trillion to
$5.7 trillion, which represents an output higher than the one before recession and the
higher for all industries in the same category, including construction (Henderson, 2012).
The challenges ahead of the construction business are numerous. Methods for
improved performance will need to align with the industry needs of employment
growth, economic and social impact, and other challenges ahead.

2.4

Adoption of Lean and SCM to the Construction Industry

Lean practices and Supply Chain Management have been utilized for decades in
the manufacturing sector. Supply chain gained importance when different
manufacturing industries noticed that they were in the middle of production scheduling
problems, when they realized that production requirements were not arriving in time,
and that their inventory was low and not able to mitigate production problems (Paulraj,
2002). As explained on his research:
…Manufacturers began to realize the potential benefit and importance of
strategic partnerships with their immediate suppliers... In addition to the
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procurement professionals, experts in transportation and logistics earned the
concept of materials management a step further to incorporate the physical
distribution and transportation functions, resulting in the integrated logistics
concept, also known as the supply chain management. (Paulraj, 2002, p. 4).
On the other hand, there are Lean strategies which seek to improve performance
by waste elimination. Lean strategy aligns with Supply Chain Management (SCM) since it
also targets the elimination of waste in the chain of upstream and downstream
processes through the optimization of internal and external supplier capabilities and the
use of technological resources to generate an appropriate and effective coordination of
the supply chain flow. By this, SCM is able to increase competition and provide value to
the customer (Paulraj, 2002; Vrijhoef & Koskela, 2000). Lean and SCM can be used in
conjunction for ultimate results. As SCM focuses on the flow of the process in a macro
manner, Lean strategies look for improvements at the micro level in the flow of
processes, enabling better process management. Therefore, the introduction of Lean
Supply Chain Management as a broader framework makes sense in an industry like
construction.
In literature, experts have identified the problem of poor performance and with it
the importance of innovation in the construction industry. Components of SCM have
started adaption in some sectors of this industry, for example, methods for better
procurement practices (Khalfan & McDermott, 2006) have been under study for several
years, as well as methods for supplier integration and incorporation into organizational
structures (Karim, Marosszeky, & Davis, 2006).
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Lean is another method that construction has positively embraced. Lean is one of
the improvement methodologies better adopted by construction today. The
transferable concepts of Lean have been adapted to tangible construction activities.
Organizations such as the Lean Construction Institute (LCI) in the U.S. and the
Construction Lean Improvement Programme (CLIP) in the U.K. have allowed many
companies to be informed and challenged by new proposals. According to the CLIP
website, some of their efforts are focused on:


“Product and process benchmarking



Strategy development programs – leadership, business planning tools, policy
deployment



Process improvement training



Supply chain and supplier development programs



Communications, teamwork and team-leader training



Lean assessment



Company and project team roll-out programs” (“Lean Construction,” 2004)
Segerstedt and Olofsson (2010) debate on their research paper if planning,

synchronization, and flexibility could be more important than supply chain integration
due to nature of interdependencies in construction. However, one could argue that
Supply Chain Management integration involves the planning, synchronization, and
flexibility of the production process, providing a comprehensive framework to improve
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overall performance. In fact, Khalfan and McDermott (2006) stated on their article
Innovating for Supply Chain Integration within Construction:
Lean manufacturers have moved away from traditional relationships with their
suppliers to partnering arrangements with a smaller number based on good
communications and open-book accounting. These relationships work by both
parties sharing philosophies of continuous improvement (especially in the area of
defect reduction, cost and timeliness of delivery) and sharing business and
development strategies sufficient for both parties to know enough about each
other to make forward planning effective. (Khalfan & McDermott, 2006, p.143).
Therefore, more recently, concepts like Lean Construction and Supply Chain
Management have been proposed as solutions to the unfavorable state of production
performance in the construction industry (Segerstedt & Olofsson, 2010).

2.5

Uniqueness of Lean and Supply Chain Management in Construction

Construction, a project-based industry, differs from traditional manufacturing
industry (automobiles, electronics, food, house supplies, and clothing production to
name a few) in several key factors. The uniqueness of the chain of suppliers and
stakeholders in construction projects makes integration a challenge. Since construction
projects are temporary and movable (Segerstedt & Olofsson, 2010), the supply chain
requires a greater amount of flexibility and adaptability. Another factor that makes the
supply chain of construction differ from manufacturing is the discontinuity of demand
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and the political and financial complexity for every one-of-a-kind project (Segerstedt &
Olofsson, 2010). As described by Segerstedt and Olofsson, the supply chain is:
Converging at the construction site where the object is assembled from incoming
materials; temporary producing one-off construction projects through repeated
reconfiguration of project organizations separated from the design; and typical
make-to-order supply chain, with every project creating a new product or
prototype. (Segerstedt & Olofsson, 2010, p. 348).
For functional supply chain management, it is imperative to understand the
interdependencies for proper integration of planning and control of business processes:
From material flow to end users (Paulraj, 2002; Vrijhoef & Koskela, 2000), see Figure 2-6.
The use of suppliers and the hand-off project pieces has become a popular
management strategy for risk mitigation (Segerstedt & Olofsson, 2010). Paulraj (2002)
makes an interesting point when he explains that a company’s market power is not on
how much they own, but on how well they can manage their entire chain of processes.
For this reason, most construction companies have found that working as the main
contractor is an effective way to distribute the risk. According to Vrijhoef & Koskela
(2000), general contractors subcontract about 75% of their project execution and as a
consequence they have become more dependent on efficient management of their
chain of suppliers and subcontractors.
Subcontractors or specialty contractors supply the labor, transform material, and
order specifications into the construction project components, therefore, selecting and
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managing subcontractors in the construction industry is key to the performance of the
project (Segerstedt & Olofsson, 2010).

Figure 2-6. Typical SCM Configuration in Construction.
Reprinted from “The Four Roles of Supply Chain Management in Construction” by R. Vrijhoef, European
Journal of Purchasin and Supply Management, 2000, p. 173. Copyright (2000) by R. Vrijhoef.

The uniqueness of the construction projects is reflected on its organizational
structure and on its practices, therefore for concepts such as Lean and Supply Chain
Management are not exactly the same as in manufacturing or other industries.
However, starting from understanding and acknowledging the differences, the
construciton industry can be more succeful in the adaption of new methodologies or
practices fitted for more efficient output.
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2.6

The Construction Team Members

The construction industry is formed by multiple parties that provide support to
the entire process. The dynamics in construction depend on the interaction of all the
participants in the project. There are several popular structures that construction
projects follow depending on contract requirements and organizational structure. The
most common participants would be: The owner or customer, the General Contractor or
Construction Manager, the Specialty Contractors, and suppliers. All of these
participants are part of the Lean and Supply Chain of construction. Even though every
party has their own interests in the project, it is interesting to understand how their
practices affect the outcomes or become inputs to others.
The parties involved in a typical construction project can interact on several
schemes. These schemes define how the interactions in the chain of supplies and the
management of the project is conceived. The construction industry is a complex one
because there are many different configurations to the organizational structures.
It is critical for researchers and managers to understand the construction industry
structure. Kashiwagi et al. (2009) state in their article that it is the misunderstanding of
how the industry structure works that could give place to: “Unseen costs, inefficiencies,
higher construction costs, poor results from training programs, and lower value.”
(Kashiwagi et al., 2009, p. 59).
The client, owner, or customer tends to have a lack of information regarding the
project and therefore their expectations are usually invalid for many contractors or
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subcontractors (Kashiwagi et al., 2009). A contributor factor to these inconsistencies of
communication and involvement of the customer in all stages of the project.
As Kashiwagi explained it in his article, many general contractors or general
managers have a tendency to award work based on a price-over-all criteria, forcing the
project to go out of specifications and result in great variation, causing a difference
between client expectations and reality.
The work of subcontractors, or specialty contractors should be a focus of
construction research, as they comprise about 90% of the construction work (Karim et
al., 2006). Another integration issue that arises from the construction organizational
structure is that the majority of subcontractors do not recognize the importance of their
role in the big picture of a construction project, missing the link between their work and
their successor. Karim et al. (2006) stated: “This can have serious implications in terms
of the potential disruption of the following trades as a consequence of defective work
by the preceding trade or the sequence of preceding trades” (Karim et al., 2006, p.39).
The integration of the supply chain goes beyound materials; it consists of
ongoing coordination, communication as standard practice, where contractors,
suppliers, and owners/clients have full understanding of the impact of their decisions for
other participants and the outcome of the project.

2.7

Lean and Supply Chain Management Practices

There is a tendency among the construction industry to believe that SCM is a
manufacturing specific practice and that its benefits are not translatable to the
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construction sector. This idea comes from misinformation about what is SCM.
Contractors, subcontractors, and other types of construction companies have limited
information about the best practices in other industries and how these could be
potentially beneficial to their sector. Due to the misconceptions and misunderstandings
in the construction industry about SCM, Vrijhoef & Koskela (2000) underline the
importance of developing a good understanding of the supply chain in construction in
order to identify the areas of difficulty or improvement.
Thus, the importance of exploring, in terms of construction, what Lean and
Supply Chain Management look like, as well as how SCM is interpreted and acted upon
by the construction sector (Fernie & Thorpe, 2007). The identification of activities and
participants of Lean practices and SCM in construction activities is the first step to
develop a better understanding of a performance measurement. The second step is to
comprehend the interactions and interdependencies between the parts of the system
(Vidalakis & Sommerville, 2013).
Due to the loss in translation problem with Supply Chain Management from
manufacturing to construction, it is necessary to break down the main components and
find the analogy for the sector under study.
Therefore, this study sought to understand the adaption of Lean and Supply
Chain Management practices in construction. With this in mind, SCM and Lean concepts
were studied under eight main categories derived from the available literature and from
Tracy, Fite, and Sutton in 2004. The first seven categories were developed by Tracy et al.
in 2004 for a manufacturing study in supply chain performance and adapted to the

30
construction industry. The eighth category, Lean Practices, was added for more
updated and relevant practice incorporation. Therefore, the Lean and Supply Chain
Management practices for this research was focused on the following eight main
constructs: Lean Practices, Technology Utilization, Internal Relationships, External
Relationships, Integrated Project Development, Transportation Effectiveness, and
Inventory Management (Tracey, Fite, & Sutton, 2004).

2.7.1 Lean Practices
Lean techniques, just like supply chain, were developed in manufacturing and
became popular in other industries due to positive results in production performance.
The construction industry is still in the adaption phase of Lean Practices (Segerstedt &
Olofsson, 2010). As Segertedt and Olofsson mentioned in their research, Lean practice in
construction should be “developed to minimize the peculiarities in construction.”
(Segerstedt & Olofsson, 2010, p. 348).
Lean construction is focused in the elimination of waste, and therefore can be
applied from the construction design and planning phase to the execution. Vrijhoef and
Koskela (2000) explain from their study: “The root causes of the waste and problems
were rarely found in the activity where the waste and problems were encountered, but
rather in a previous activity by a prior actor” (Vrijhoef & Koskela, 2000, p.175). Waste
needs to be understood as a chain of consequences, therefore it makes sense to
integrate Lean and Supply Chain Management. By eliminating waste along the chain, the
flow of the processes in other stages will be least wasteful (Vrijhoef & Koskela, 2000).
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Typical construction wastes are: High employee turnover, accidents, correcting of
defects, chasing sub-contractors for material and labor, waiting for materials to be
delivered, using more material than necessary, specifications not being followed, etc.
The Lean Pocket Guide (Haynes, Tapping & Pratt-Williams, 2012) defines seven wastes
that can be targeted with Lean practices:
1. “Overproduction: Extra workers, extra machines at the job site, extra materials,
extra blueprints, etc.
2. Waiting: People, signatures, information, materials, suppliers, etc. This is the
greatest waste in construction.
3. Motion: Worksite layout, looking for tools, etc.
4. Transport: Material planning, delivery too early or too late, etc.
5. Over-processing: Additional signatures on requisitions, duplicate data forms,
multiple handle of time sheets, double-triple estimates, etc.
6. Inventory: Space and time, spare parts, unused tools or materials.
7. Defects (correction of): Wrong installations, not meeting required codes, etc.”
(Haynes, Tapping & Pratt-Williams, 2012, p. 10)
Waste can be created long before the problems arise, therefore the importance
of applying these Lean concepts to all stages of the construction project, throughout the
chain of supplies and processes from design to product delivery.
There are some Lean practices that have gained major popularity and have
shown to improve the performance of projects in construction. For example
Prefabrication has become a Lean practice that saves time, space, material, and labor

32
resources, reducing onsite activities (Vrijhoef & Koskela, 2000). Prefabrication is now
becoming more common in the industry and it applies simple manufacturing
performance practices. As Adrian (2004) explains: “The industry [construction] can make
better use of labor through prefabrication and industrialization to fabricate more
building components and systems off-site and in a controlled manufacturing plant.”
(Adrian, 2004, p. 17).
Other Lean practice applied from manufacturing is Pull Planning. Pull Planning
comes from Pull vs. Push in manufacturing production; where Push impulses production
without a necessary knowledge of the market demand and Pull extract information from
the market needs before production (Yang & Ioannou, 2001) . Pull strategies, just like in
manufacturing, in construction focus on starting from the end product and moving
backwards towards the activities to complete tasks in the project (Paulraj, 2002).
Pull Planning in construction is basically the practice of identifying milestones
(major and minor) and planning backwards from them, creating a map of work for every
member of the project. This practice has proven to help bring the project members
together towards a goal. Pull Planning also creates a work plan that is transparent,
flexible, and collaborative (Tiwari & Sarathy, 2012).
Tiwari and Sarathy (2012) report that the implementation of Pull Planning
resulted in cost savings, better flow, and integration of project members. They also
noted how this type of practice tends to be perceived as obvious at the beginning and
its value comes as the practice progresses.
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Pull Planning and other Lean practices such as Target Value Design, Last Planner®,
Integrated Project Delivery, benchmarking, and standardization have become more
available through the Lean Construction Institute (LCI). The Lean Construction Institute
has taken the task of educate, inform, and promote the use of Lean techniques in
construction in the United States (“Lean Construction Institute,” 2014).
In summary, studies show that construction is very wasteful and that these
wastes are often not seen or ignored activities (Vrijhoef & Koskela, 2000). Lean is a
significant set of practices that could help prevent waste and gain more value for the
customer in any environment or industry.

2.7.2 Technology Utilization
Studies have shown that information technology is not of common use in the
construction industry compared to other type of industries (Segerstedt & Olofsson,
2010). As Roger Henry noted in 1994: “The construction industry currently does not
undertake the research and development of advanced computer technology needed to
maintain or improve production performance in the modern world”(Henry, 1994, p.
385). His thinking is still not far from reality.
Industries like manufacturing rely heavily on computer technology based
systems. For example, manufacturing companies are more inclined to use resource
systems to track inbound materials, production schedules, transportation tracking,
supplier requests, and inventory levels among other key activities, in general enterprise
software has been changing the way manufacturing process run (Shah & Ward, 2007).
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The utilization of technology in construction projects could seem as a difficult
implementation due to the fragmentation of the industry. However, technology
information systems provide control and monitoring of all parts involved, offering a way
for integration and synchronization desperately needed in the construction sector.
As a starting point, construction companies and subcontractors are encouraged
to invest in technology information systems to track inventory, transportation, customer
requirements, and suppliers. Adrian (2004) recommends “The industry [construction]
can develop funds that serve as a source of R&D support to enhance technological
changes that result in improved methods and materials of construction” (Adrian, 2004,
p. 17). Having information readily available in real time is a key factor to integration and
performance improvement.
Some of the technological focuses of the construction industry have been the
use of computer modeling and technical communications. If construction firms would
expand their technical capabilities to supplier management, inventory and
transportation management, they could find improvement in their processes flow.
Henry (1994) envisioned the use of in-house and field capable Robotics, referring
to pre-assembly or prefabrication and field work. Automation and full use of
technological available technology is one of the main barriers of construction
performance improvement (Henry, 1994).
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2.7.3 Internal Relationships
Coordination of internal departments and key team members is an essential part
of SCM. Waste reduction and a collaborative environment can be achieved by improving
communication opportunities and channels to members of a construction project.
Construction involves many sub-groups with different interests, therefore
coordination and communication can make the difference in project success. Lean and
Supply Chain Management suggest the use of cross-functional teams in the planning
stages as well as during project execution and problem solving.
Lack of communication or inappropriate communication can have negative
consequences, especially in construction where the organizational structure is already a
fragmented one. For example, material purchasing in construction is an everyday task,
Vrijhoef and Koskela (2000) described in their study in construction material supply how
they found materials purchasing to be deficient in planning stages and in the
information about amount of material required. As found by Vrijhoef and Koskela (2000):
“there is a tendency to place construction component orders with missing information
due to incomplete design data” (Vrijhoef & Koskela, 2000, p.175). Another example by
these same researchers from their study describes: “In terms of design information,
design documents are often inadequate and difficult issues are not detailed. Changes
are caused by unavailable, late, wrong and incomplete information and are often not
communicated” (Vrijhoef & Koskela, 2000, p.175). As explained by this study, material
requirements are initially affected by the weak involvement and integration between
internal coordination, including field engineers, purchasing, logistics, and management.
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Involving engineering, marketing, human resources, purchasing, and estimators,
among others, on the early stages of a project is a better strategy for project planning,
material purchasing, and even supplier selection. Every party involved will be able to
communicate priorities and thus, those could be discussed and arranged for the
ultimate good performance of the project. Communication is a very important subject
and is essential to the efficiency and effectiveness of partnering and integrated teams
(Thomas & Thomas, 2008).
Cross-communication and involvement of the internal participants in early stages
of a construction project is also an internal quality tool. Quality is the value of the
customer and if non-value activities can be identify while cross-working, then part of the
quality goal has been achieved.
According to the Strategic Forum for Construction, in the U.K a cross-functioning
construction team should have the following characteristics for optimized value:
A single team focused on a common set of goals and objectives delivering
benefit for all concerned; a team so seamless, that it appears to operate as if it
were a company in its own right; a team with no apparent boundaries, in which
all the members have the same opportunity to contribute and all the skills and
capabilities on offered can be utilized to maximize the effect. (Thomas & Thomas,
2008, p. 62).
Thomas and Thomas (2008) explained the differences between the typical
organizational chain and the integrated team, graphically shown in Figure 2-7.
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Figure 2-7. The Traditional Supply Chain vs. the Integrated Supply Chain.
Reprinted from “Construction Partnering and Integrated Team Working” by G. Thomas, 2008, p.163.
Copyright (2008) by G. Thomas.

As objectives become clear and participants are able to understand their role in
the bigger picture of a construction project employee respect towards each other
increases. As Thomas and Thomas (2008) explain: “An effective team that has a
common focus will deliver much higher value than team members could deliver
individually.”(Thomas & Thomas, 2008, p. 165).

2.7.4 External Relationships
Just like integrated teams are key to the success of the supply chain and
ultimately to the customer’s product, external relationships are equally important and
could be even more critical in a construction setting due to its fragmented nature.
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The ultimate goal of a construction project is to reduce cost and duration of site
activities (Vrijhoef & Koskela, 2000). In other words, the primary consideration is to
ensure dependable material and labor flows to the site to avoid disruption to the
workflow (Vrijhoef & Koskela, 2000). Supplier selection can be based on several factors:
Quality, reliability, performance, availability, etc. However, in construction suppliers
tend to be chosen primarily based on price (Wegelius, Pahkala, Nyman, Vuolio &
Tanskanen, 1996; Vrijhoef & Koskela, 2000; Tracey & Tan, 2001).
A common mistake is to understand SCM in construction as a reinvention of
partnering (Fernie & Thorpe, 2007). Supply Chain Management is far more complex
than partnering. In SCM, communication with suppliers is key for synchronization. The
relationship between the site and direct suppliers, as well as between subcontractors or
suppliers should be collaborative instead of competitive. These organizational behaviors
need to be driven and directed by the construction company. The contractor should be
responsible for a collaborative and transparent environment. Appropriate
communication, internally and externally can reflect positively on the bottom line of the
project. As Adrian (2004) explains in his book: “Hundreds of millions of dollars of
nonproductive work are performed each year that can be traced to poor
communications” (Adrian, 2004, p. 86).
Another important SCM component is continuous quality improvement involving
the suppliers and members of the cross-functional teams. Total quality is as good as its
weakest link. Providing training and participation in quality improvement programs to
suppliers and subcontractors translates into a direct benefit for the construction project,

39
aligning the strategic objectives. Training involves the use of tools that support
continuous improvement such as lean thinking, cross-team learning, risk management,
and value management, among others (Thomas & Thomas, 2008, p. 104).

2.7.5 Integrated Project Development
Integrated Project Development (IPD) is an approach to Project Management
where the focus is on the inclusion of all project teams to perform in every stage of the
project from planning to execution. Fleming and Koppelman (1996) define three main
structures to project management. These structures are Traditional Project
Development, Fast Tracking, and Integrated Project Development Teams (Fleming &
Koppelman, 1996) and are depicted in Figure 2-8.

Figure 2-8. The Integrated Project Development Approach.

Reprinted from “Integrated Project Development Teams: Another Fad or a Permanent Change”, by Q.
Fleming, 1996, International Journal of Project Management, p. 164. Copyright by Q. Fleming.
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For IPD to be applied there should be trust among the team members as they
participate together towards the same goals.
In their study, Flemming and Koppelman (1996) found that as a result of using
IPD, companies did not only cut down on the cycle time, but also maximized product
quality from the initial stages of technical design, causing an overall reduction in total
project costs (Fleming & Koppelman, 1996).
Integrated Project Development in construction consists of the integration of
process flow of the parts of the construction project through the project teams. This
means that IPD in construction consist of construction managers, specialty contractors,
subcontractors, and suppliers in the jobsite and even the final customer. In the jobsite
every activity scheduled can be understood as a supply chain on its own (Vrijhoef &
Koskela, 2000).
The planning of activities of the supply chains requires the early involvement of
all the participants. Representation of key suppliers and subcontractors in project
development is very important in construction. Their involvement should start in
planning and representatives should collaborate with the scheduling and plan of
execution of the project for optimized results in the jobsite. The main key indicators of
application of IPD is the early involvement in the supply chain.

2.7.6 Logistics: Transportation and Inventory Management
Logistic departments (as an individual department) are not very common in
construction; however construction companies deal with logistics every day. Delivery of
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materials and storage of those are part of logistics strategies and critical part of Lean
and Supply Chain Management. Vidalakis and Sommerville (2013) make a point
regarding logistics in the construction industry:
The clearest initiatives of SCM in construction have been in the field of logistics
… Other studies (SFC/CPA (2005)) suggest that, based on evidence from other
industries, potential savings from improving logistic throughout the supply
chain could be substantial and range between a 10% and a 30% reduction in
construction costs. This estimate is mainly attributed to improvements related to
transportation efficiency, inventory minimization and waste reduction.
(Vidalakis & Sommerville, 2013, p.471)
In a construction project, transportation of materials may come from the
suppliers or subcontractors, therefore the lack of interest on the topic from the General
Contractor point of view. General Contractors use subcontractors also as a risk
mitigation technique. In theory, the risk is assumed by the suppliers, but in reality their
transportation strategies might affect the entire project putting at risk other
participants of the supply chain (Vidalakis & Sommerville, 2013), including the General
Contractor or Construction Manager.
In general, transportation accounts for a significant part, often between onethird to two-thirds of the logistics cost. In several industries this becomes costly when
deliveries become unreliable: “Late or unreliable deliveries were ranked by contractors
as the fourth most important source of delay in construction projects” (Vidalakis &
Sommerville, 2013).
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Transportation in a construction project is not only one of the main sources of
delays, but Josephson et al. (2002) also discovered that “late delivery of materials is the
fourth most important cause of rework leading to time and cost overruns in projects”
(Vidalakis & Sommerville, 2013, p.463).
In other industries, transportation costs vary between 2.6% for automobile part
production, to and 12% of wholesale distribution; while transportation costs for
construction vary between 10% and 20% of the total cost of a construction project
(Vidalakis & Sommerville, 2013). These costs, which will potentially be increased by late
and chaotic material deliveries and unsystematic site organization, will be charged from
the suppliers to the construction firm and finally from the construction firm to the
customer/owner (Vrijhoef & Koskela, 2000).
Vrijhoef and Koskela (2000) and Vidalakis (2013) recommend a focus in
cooperation to improve the flow of material and to fulfill contractor’s orders in a timely
manner to improve the responsiveness and cost of the supply chain.
Besides transportation, material handling and inventory management are also
important part of SCM in manufacturing. In construction this also holds true. Studies
show how material handling and flow in construction only adds to 0.3% to 0.6% of value
added time (Vrijhoef & Koskela, 2000), meaning that there is much room for
improvement in this area. Inventory management is a SCM practice that allows the best
configuration and use of resources to store and manage the materials needed for
production, with the goal of reducing the non-value added activities in the chain,
eliminating unnecessary costs for the customer.
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Another characteristic of the construction industry is the use of inventory buffers
as a risk mitigation strategy. This is a practice that does not align with Lean practices,
such as Just in Time, due to the unnecessary cost of storage and the possibility of
damage of the materials stored (Vrijhoef & Koskela, 2000).
Inventory strategies include having a database of materials delivered to the
warehouse as well as of materials leaving the warehouse, quantity and specifications of
products, proper labelling of materials and classifications, and easy access to physical
location of materials. The importance to focus on the management of materials is
evident according to Adrian (2004), as he explains:
Material shortages and rapidly escalating material prices have constrained
project owners’ ability to minimize project time and cost. All too often, the
inability to have required materials delivered to the project when needed has
resulted in lengthy project delays. These delays have a ripple effect when it
comes to contractor performance, because the performance schedule of each of
the project contractors is dependent on the schedule of each of the other
contractors. (Adrian, 2004, p. 33).
Formal logistics management has the potential to safe time, money, and effort,
to reduce transit times and optimize streamlines, integrate order and shipment, and
transmit data electronically. Logistics, even though it is not commonly known as a
working department in construction, should be a priority in the list of innovations.
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2.8

Construction Outcomes of Lean and SCM Practices

Key Performance Indicators (KPIs), metrics, and the identification of the
measurements of success allow the assessment of performance of the interactions
between constructors and the building supply chain (Vidalakis & Sommerville, 2013).
These indicators are understood as Outcomes in this research. The idea behind these
Outcomes is to work as intervening variables between the best practices and the
performance of a construction firm.
Desired outcomes, or KPIs vary for every industry; however, there are outcomes
that serve as general practices and help measure performance. In the construction
industry there are some good indicators or expected outcomes of successful
implementation of Lean and Supply Chain Management practices. Those outcomes are
expected to be related to the level of assimilation of a construction firm regarding
technology information, internal cross-functional relationships, relationships with
suppliers, IPD, transportation effectiveness, inventory management, and Lean Practices
(Tracey et al., 2004).
The most relevant outcomes to measure in this study came from Tracey et al.
(2004) exploratory study in the supply chain of manufacturing. The adaption of these to
construction resulted in: Production efficiency, product delivery, response to demand,
product quality, and competitive pricing according to literature review and to Tracey et
al. (2004).
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2.8.1 Production Efficiency
James Adrian (2004) presents in his book Construction Productivity:
Measurement and Improvement, the common interpretation of productivity is often
understood as the people working hard or working to maximum capacity, in other
words, he explains the delusion of production efficiency solely as “the amount of work
performed per person hour of work effort” (Adrian, 2004, p. 4). Productivity or
Production Efficiency can be measure through several outcomes other than man-hours.
According to Tracey et al. (2004), production efficiency can be measure by: Reduction in
quantity of rework, reduction in cost per unit, ability to meet the original schedule, and
reduction of work-in-process inventories. Even though the outcomes were initially used
for manufacturing, these also apply to construction.

2.8.1.1 Rework and Warranty Costs
Rework is defined as the “unnecessary effort of re-doing a process or activity
that was incorrectly implemented at the first time” (Love & Edwards, 2004, p. 207).
Rework quantity can also serve as a metric of performance. Even though rework is a
negative metric it can provide valuable information to the construction firm in order to
understand the underlying performance issues.
Love and Edwards (2004) directed a study in construction quality in which they
analyzed two case studies to determine the primary causes of rework. In their study
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they were able to find the following main contributors to rework in construction
projects:


“Lack of understanding for end-user requirements;



Poor contract documentation and low consultant fees;



Poor standard of workmanship;



Lack of a quality focus, and



Poor supervision and inspection” (Love & Edwards, 2004, p. 215).

Measuring rework is a way to measure extra costs and schedule delays. Rework
reduction should be positive for construction firms applying Lean and Supply Chain
Practices.
Warranty costs can also be considered a type of rework, for work that was not
performed well the first time, as expected. Decreasing costs in warranty can indicate
better overall performance of the project delivery. Caldeira (2001) explains:
The number and/or cost of warranty callback items can provide an overall
measurement of quality trends. Warranty measurements are useful for tracking
overall quality trends and surfacing problem areas that might have been overlooked.
The actual measurement can lag behind construction by a year or more, so it needs
to be combined with other quality measurements. (Caldeira, 2001, p. 28).
Love and Andrews (2004) recommended to pay special attention to design and
production strategies in order to reduce rework of any kind. They also recommended
several practices for construction firms to focus, these include:
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“Understanding and identifying client and end-user requirements and
implementing techniques for mitigating change;



Auditing contract documentation and provide a risk assessment for the potential
of change and errors;



Implementation of quality management practices;



Implementation of training programs to enhance skills and knowledge; and



The use of The Last Planner® approach during the production planning process.”
(Love & Edwards, 2004, p. 226).

2.8.1.2 Schedule Delays and Production Costs
This KPI measures the ability of the construction firm to deliver construction
projects in the agreed delivery date. Schedule compliance is also a product of the level
of integration with external and internal customers to meet the deadline.
Projects, in general, tend to be late, according to Haynes et al. (2012) only 30%of
the time projects finish on time. Poor time estimate calculation methods and unrealistic
expectations cause projects, like construction projects to get delayed. Delayed projects
have a ripple effect in project costs, increasing unplanned workforce and resources.
Measuring the ability to comply with the original schedule can have a great
effect on a construction firm status. Failing to comply with the project schedule can lead
to an indication of poor performance or poor integration and synchronization.
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Today, construction firms count with modern technology and advanced methods
for scheduling besides the traditional methods of Critical Path Method or Probabilistic
Time Estimates. Currently, there are tools available, specific for construction such as Pull
Planning and Last Planner®. These two methods, impulse by the Lean Construction
Institute, provide integration of all parties in the construction project in the early
planning stages, with the purpose of overcoming obstacles in a collaborative
environment.
Pull Planning is as a pull driven schedule that serves as alternative of Critical Path
Method planning (Yang & Ioannou, 2001). The main idea behind Pull Planning is the
avoidance of waste in the form of idleness by integrating all the construction
participants in early stages of the project.
The Last Planner System® (LPS) is a registered mark by the Lean Construction
Institute and it provides the framework to develop Pull Planning utilizing a standardized
process. The Last Planner System® can be considered a technical tool with which
construction projects plan their work weekly sharing responsibility and encouraging
communication and update about the progress of the project.

2.8.2 Product Delivery
Product Delivery in the Construction Industry context is tied to accurate cost
estimation and compliance with the delivery schedule. These two factors influence
greatly customer satisfaction (The Supply Chain Impact Survey: Research Combining the
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Perspectives of Supply Chain Managers and Consumers on Supply Chain Challenges,
2013).
Construction forms should be able to relate customer satisfaction, in the form of
customer loyalty and referrals, with compliance to product delivery schedule and
compliance with costs predictions.

2.8.3

Flexible Response to Demand

This output of Lean and Supply Chain adaption measures the flexibility in the
construction firm to adjust to changing conditions or new customer requirements. It is
not rare that construction project requirements change due to customer preferences,
material costs and availability, and external factors (policy, environmental, etc.) that
constrain the ability to adhere to the original specifications.
Flexibility is achieved by the close integration of subcontractors and suppliers, as
well as internal resources such as procurement and human resources. Flexibility is
achieved by the early involvement of all interested parties, so practices such as IPD
support this.

2.8.4 Product Quality
Like in manufacturing, product quality is a reflection of a superior set of
processes. Product quality in construction refers to the final product quality level as
perceived by the customer according to the quality of supplier services and materials, as
well as the durability of the end product. Since every component of a construction
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project comes from subcontractors or suppliers, the quality of a product is abided by the
quality of its components and the individual organization’s quality management
programs (Rumane, 2011).

2.8.5 Competitive Pricing
Being able to compete in construction based on pricing is a product of efforts
directed towards waste elimination, maximization of resources, and reduction of rework
among other improvement practices discussed in previous sections.
Competitive bidding is the major mechanism of competition in the Construction
Industry (Kim & Reinschmidt, 2011) and bidding is risky because of all the unknown
factors that go into the actual cost of the job. Therefore being able to compete on price
alone is not a practice as appreciated anymore.

2.8.5.1 Total Production Costs
The KPI of total production cost measures the finalized construction project,
direct and indirect. Total costs should decline if more synchronization among suppliers
and the jobsite is achieved. Total production costs should also decline if reduction or
elimination of waste in every process is achieved. Application of Lean and SCM practices
are capable of driving waste reduction and increasing profitability. Utilization of
technology, optimization of transportation, and warehousing also contribute to the
reduction of total production costs as well.
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2.8.6 Measures of Performance
The measurements of business and operation performance are independent
variables that are related to firm overall performance. Tracey et al. (2004) identified the
main validated measures of performance from previous literature. The measures from
his manufacturing study were related to: Return on assets, market share gain, customer
retention rate, competitive position, new business through referrals, and sales growth
(Olsen, 2004; Tracey et al., 2004). These metrics provide a general idea of the
construction firm operations and financial performance. These measures of
performance are theoretically affected by the intervening and independent variables
and modeled by the relationship described in Figure 3-2.

2.9

Summary

The construction industry has been characterized for its low performance when
compared to others such as manufacturing, aerospace, and services (Eriksson, 2010;
Fernie & Thorpe, 2007; Kashiwagi et al., 2009; Koskela, 1992). There is an opportunity to
integrate the fragmented construction industry through SCM and Lean Construction
practices. These were originally derived from manufacturing, to achieve higher
performance levels, eliminate waste, and achieve a more productive execution and flow
of the project activities.
Some of the most relevant concepts in Lean and Supply Chain Management can
be extracted from Tracey et al. (2004) exploratory model, including: Use of Visualization,
use of Just-in-time delivery systems, use of systematic planning tools, computer-
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enhanced technology utilization, internal relationships between departments, external
relationships with suppliers and customers, integrated project development,
transportation, and inventory management.
Lean and Supply Chain Management practices can be associated with some of
the most important performance indicators of construction. Some of these indicators
are related to rework, departmental flexibility, adaptability and resilience, production
costs, schedule compliance, all of this tying to customer satisfaction.

53

CHAPTER 3.

METHODOLOGY

This chapter will cover the research framework, model, instrumentation, sample
set, testing methodology, and analysis of data used in this thesis.
3.1

Research Framework

The framework for this research was based on the model developed by Tracey et.
al. (2004) (See Figure 3-1). In their research paper, they developed an explanatory
model and a survey instrument to measure the assimilation of a SCM in manufacturing.
In their research they conducted validation and reliability studies of the items in the
instrument through correlation and Cronbach’s alpha analysis.
For the current study, the modifications to the original model and instrument were
an adaption to the construction industry (see Figure 3-2). Some items were not
included (if they were redundant in content, irrelevant to construction, or if the items
were eliminated in the original instrument due to lack of correlation or internal
consistency) to reduce the total number of items in the survey, as recommended by
Tracey et al. (2004). The retained items were corroborated through expert validation, in
this case, construction management faculty from Purdue University’s Building
Construction Management Department. From this validation some of the items were
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reworded to match the target audience and a new section was added to include
measurements on Lean Practices.
The outcome was a theoretical model that can be described as:
1. A series of general constructs that represent the degree of Lean and Supply
Chain Management Assimilation in the industry practices, which were
categorized in seven initial Dimensions: Lean Practices, Technology Utilization,
Internal Relationships, External Relationships, Integrated Project Development,
Transportation, and Inventory. These constructs represent the independent
variables of the model. The previous dimensions, or independent variables, lead
to a second set of measurements that represented the Lean and Supply Chain
Outcomes that Lead to Customer Value, following Tracey et al. (2004) framework.
These are intervening variables (Sekaran, 2003) and were categorized in five
dimensions: Production Efficiency, Product Delivery, Response to Demand,
Product Quality, and Competitive Pricing.
2. Finally, the intervening variables yield to the depended variables, which
represented the Overall Performance measurement of the industry. These were
categorized into five main items or constructs according to Tracey et al. (2004);
however one of them did not apply to the construction industry as accorded
during experts face validation. This item was Return on Assets due to the nature
of the construction assets, where equipment and machinery is usually rented
which makes it complicated for companies to track their returns, therefore it was
removed from the original model for the purpose of this study. The final four
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items that serve to measure performance were: Market Share Gain, Customer
Retention, Competitive Position, and Customer Referrals.
Figure 3-1 describes the original model for Manufacturing (Tracey et al., 2004) and
Figure 3-2 shows the modified model for measurement of assimilation in Construction.

Figure 3-1. Original Explanatory Model for measurement of SCM assimilation in
Manufacturing.
Adapted from “An Explanatory Model and Measurement Instrument: A Guide to Supply Chain
Management Research Applications” by Tracey M., 2004, Journal of Business, 19(2), p.55. Copyright (2004)
by Tracey M.
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Figure 3-2. Modified Model for measurement of Lean and SCM assimilation in
Construction

This framework allowed the researcher to correlate and interpret the Degree of
Assimilation of Lean and Supply Chain Practices in a construction firm with their Overall
Performance. The constructs that formed the Degree of Lean and Supply Chain Practice
Assimilation were, in this study, the critical success factors to determine the overall
performance.
Some original constructs have been modified to match the wording of the target
industry and others have been eliminated due to non-relevance in construction. The
modifications are based on recent literature review and on expert face validation
conducted in the Building Construction Management department at Purdue University
(See Appendix A).
Table 3-1 shows a general description of the constructs or items that, according
to literature and Tracey’s model are relevant for the successful implementation of Lean
and Supply Chain in Construction.
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Table 3-1. Critical Success Factors of Lean and Supply Chain Management in
Construction

3.2

Research Hypothesis

The hypothesis tested during this study was:
Ho: There is not a significant correlation between the Lean and Supply Chain
Management factors and the overall performance measurements in construction firms.
H1: There is a significant correlation between the Lean and Supply Chain
Management factors and the overall performance measurements in construction firms.

3.3

Instrumentation

The instrument developed by Tracy et.al (2004) served as a base for the survey
used in this research. The original survey was modified according to the Critical Success
Factors described in Table 3-1. The modifications were defined through face validation
and recent literature review. The original instrument consisted of 89 items. The original
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constructs and items had already been tested for validation and reliability (Tracey et. al,
2004; Tavakol & Dennick, 2011).
The modified survey consisted of 58 items about Lean and SCM and three
demographic questions (See Appendix B). The 58 items were sectioned as follows: 35
related to the Lean and Supply Chain Management Practices, 16 were related to
Outcomes Leading to Customer Value, and five are related to the Overall Performance
of the construction firms.
The scale of measurement was interval data. A five-point Likert scale, coded
from one to five (1 = Strongly disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4 =
Agree, and 5 = Strongly agree) was utilized. All the items were worded positively to
avoid coding issues. In the survey, the instructions directed the respondent to base
his/her answers on his/her firm over the period of the last three years.
The Likert scale has been a topic of debate. It has been debated whether it
represents ordinal, interval, or simply nominal data. Researchers discuss in this debate
the importance of utilizing the correct methods for data analysis with this type of scale.
The advocates of the Likert scale treated as a nominal result support the fact that the
responses between Likert points are not necessarily the equivalent (Jamieson, 2004),
meaning that from Agree to Strongly Agree, there is not necessarily a linear relation.
Some other researchers consider adequate the use of Likert scale parametric analysis if
conditions such as normality are met from the sampled data. Sekaran (2003) explains
this type of scale as “an interval scale in which the difference in responses between any
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two points on the scale remain the same”(Sekaran, 2003, p. 197). The debate goes on
and on.
The original manufacturing study from Tracey et al. (2004) treated the five-point
Likert scale as interval type of data. The same treatment was used in the Construction
study with the purpose of making valuable comparisons between both studies.
The instrument developed for the construction industry is in Appendix B. The
same was approved by the IRB and a copy of the approval can be found in Appendix C.

3.4

Sample Set and Data Collection

The sample was a stratified random sample of construction firms and
construction-related subcontractors in the United States. The survey was electronically
distributed via Qualtrics Survey Software to construction managers, architects, project
engineers, presidents, and executives from public listings and industry contacts,
including the Lean Construction Institute (LCI), the Associated General Contractors of
America (AGC), and the Mechanical Contractors Association (MCA).

3.5

Methods for Data Analysis

Statistical Package for the Social Sciences (SPSS) Version 22 and Microsoft Excel
were used for the statistical testing. A descriptive summary of the variables included in
the survey was recorded in Table 4-17. Frequencies and percentages of the
demographics and responses to each item of the questionnaire are shown in Figures 42-, 4-3, and 4-4, and Tables 4-4 to 4-16.
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The first objective in data analysis was to understand the groupings in items,
which provided a more homologous method to compare with those item groupings
from Tracey et al. (2004) study. In order to achieve the best grouping of items, Statistical
Factor Analysis was used. Factor Analysis was performed to group dimensions that were
composed by five items or more. Those dimensions that had four or less
items/questions were kept the same.
The second objective, after the final factors were defined, was to compare the
means and standard deviations of the resulted factors with those found in the previous
study from Tracey et al. (2004) for comparative purposes between manufacturing and
construction. Data available from Tracey’s research was limited to the mean and
standard deviation of the constructs, so the comparison is limited to those descriptive
statistics.
Where possible (as content aligned), the resulting factors from Factor Analysis
were given a homologous factor from Tracey’s (2004) study with the purpose of
comparing results of each industry side by side.
The third objective of the data analysis was to correlate the dimensions and find
the direction and strength of the correlations between them. The resulting factors from
Factor Analysis were then used in a correlation analysis using Pearson’s correlation.
There were two main purposes to the correlations analysis: The first one was to
understand the relationship among the construction items and the second one was to
compare the coefficients to the correlation results found by the exploratory analysis in
Tracey et al. (2004) study, comparing Manufacturing vs. Construction.
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The final step in the data analysis process was to perform another correlation
analysis including the type of company and the results on the different dimensions with
the purpose of understanding how different company types have a greater or lesser
assimilation of the Lean and SCM dimensions.
Finally, a qualitative comparison from the Construction survey results and the
results concluded by Tracey et al. (2004) was also applied.
As explained in Section 3.3 of this Chapter, the Likert scale responses were treated
as interval data.
Missing values or blank responses in the survey were substituted by the mean
value of the responses from every item (Sekaran, 2003).
A summary of the variables descriptors is found in Table 3-2.

62
Table 3-2. Description of Study Variables
Factor

Variables

Demographic

Company Location
Company Type

Independent,
Intervining, or
Dependent
Independent
Independent

Lean

Lean Practices

Supply Chain

Outcomes

Overall
Performance

Variable
Measurement

Instrumentation

Nominal
Nominal

Single question
Single question

Independent

Interval

Seven quesitons

Tecnology Utilization

Independent

Interval

Four questions

Internal Relationships

Independent

Interval

Five questions

External Relationships

Independent

Interval

Six questions

Integrated Project
Development

Independent

Interval

Three questions

Transportation

Independent

Interval

Three questions

Inventory Management

Independent

Interval

Six questions

Production Efficiency

Intervening

Interval

Four questions

Product Delivery

Intervening

Interval

Three questions

Response to Demand

Intervening

Interval

Three questions

Product Quality

Intervening

Interval

Three questions

Competitive Pricing

Intervening

Interval

Three questions

Overall Performance

Dependent

Interval

Five questions

3.6

Data Collection

The survey was sent to a total of 180 contacts in the construction industry, from
which 34 responded, resulting in a response rate of 18.8%. The survey was sent to
industry trade associations, personal contacts, and public listings. These participants
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were initially reached through email and phone to provide some background on the
study and inform the participant about the purpose of the survey. The survey was sent
using an online link created by Qualtrics Software to corporate emails and distribution
lists. This distribution method was chosen because it is cost-effective, of easy
distribution and easy access. Online surveys and Mail surveys have shown to produce
similar results (Braunsberger, Wybenga, & Gates, 2007).

3.7

Threats to Validity

The main threats to validity in this research are:
1. The limited sample based on company contacts and available public listings
(selection bias).
2. The modification of the original model and instrument: The change in wording to
fit the construction industry, the removal of several items/questions (nonapplicable to construction or high correlation between two or more), and the
addition of a new dimension on Lean practices.
3. The use of Likert-scale as an interval measurement used in the original model.
4. The respondents’ knowledge to answer every question in the survey.

3.8

Summary

A modified model and survey instrument from a previous study for Supply Chain
Management in manufacturing was used to analyze the construction sector. The
modified instrument and model consisted of a total of 58 items on a five-point Likert
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scale, divided in four main categories: Demographics, Lean Practices, Supply Chain
Management Practices, and Overall Performance. The survey was sent electronically to
several trade associations and company contacts through a link by e-mail. Every
response was confidential.
The independent variables were identified through Tracey et al. (2004) and through
literature review. The independent variables were categorized in the following sections:
Lean Practices, Supply Chain Management Practices, and Outcomes of Performance. The
Overall Performance items were defined as the dependent variables. The methodology
for analysis was a hybrid of qualitative and quantitative investigation.
Frequency diagrams were used to describe the demographic responses. Factor
Analysis was used to group the items in the most accurate manner with the purpose of
comparing results. Descriptive statistics were calculated for the factors as well as
correlation analysis to understand the strength and direction of correlation among
independent variables and between independent and dependent variables.

65

CHAPTER 4.

4.1

RESULTS

Design of the Study

The survey instrument consisted of 58 items/questions, which for the research study
have been categorized in four main sections: Lean Practices, SCM Practices, Outcomes
of Performance, and Overall Performance. Each section has also been subcategorized in
dimensions. The instrument was sectioned in model Dimensions as show in Figure 3-2 in
Chapter 3.
Following Tracey et al. (2004) model, the independent variables were analyzed in
four ways:
Descriptive statistics comparison of mean and standard deviations with Tracey et al.
(2004) study to infer differences and similitudes in the manufacturing and the
construction industries.
1. Factor Analysis to group interested items in a similar form as Tracey et al. (2004).
2. Bivariate correlation to understand how the previously defined factors
correlated among them and to the overall performance of the industry.
3. Bivariate correlation to understand how the defined factors correlated to the
type of construction company.
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4.2

Demographic Data

The sample for the survey was a stratified random sample, target to construction
companies and construction related participants. These companies were categorized
under five main categories: General Contractor, Construction Manager, Design-Builder,
Engineering firm, and Specialty contractor. The demographic data gathered information
regarding the State in the U.S. from where the participants were working and type of
company related to construction. The state or location was gathered in order to
understand the type of sample that was collected and the representation of the U.S
industry in this study. The type of company was important to understand the different
types of construction structures and how they make use of the practices under study.
The survey included three questions about demographics. In summary, these
questions gathered information on company location, type of construction company,
and type of specialty contractor (if it was applicable).

4.2.1 Company Location
This first item asked participants about their office location. The answers are
recorded in Table 4-1 and shown graphically in Figure 4-1.
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Table 4-1. Company/Office Location
State
Alabama
Arizona
California
Colorado
Florida
Georgia
Illinois
Indiana
Iowa
Maryland
Massachusetts
Oregon
Texas
Washington
Total

Responses
2
2
3
2
1
1
5
7
1
1
1
1
6
1
34

Percent
5.88%
5.88%
8.82%
5.88%
2.94%
2.94%
14.71%
20.59%
2.94%
2.94%
2.94%
2.94%
17.65%
2.94%
100.00%

According to the data collected, the participants from this survey represent 14
different states in the United States. Figure 4-1 is a frequency graph with the quantity of
participants per state.
8
6
4
2
0

Figure 4-1. Company Location Frequency Plot

Figure 4-1 shows how the majority of participation came from the state of
Indiana. This was not a surprise since Purdue University is located in the same state and
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part of the sample was collected from companies that participate in Purdue University
career fairs. Even though the majority of participation was from the state of Indiana
(20.59% of the total sample), there was a 17.65% representation from Texas, and 14.71%
from Illinois.

4.2.2 Company Category
Demographic question number two contained two parts. The first part provided
the participants with five options to choose their type of company from “General
Contractor”,” Construction Manager”, “Specialty Contractor”, “Design Builder”, and
“Other” which included an open text box for further comments. If the option “Specialty
Contractor” was chosen for the type of company, then a text box space was prompted
to enter the specific type of contractor or subcontractor.
Table 4-2 lists the summary responses for questions two and three of the
demographics section of the survey. Figure 4-2 and 4-3 represent the graphical
summary of company category and type of specialty contractor, respectively.
Table 4-2. Company Category
Type of Company
General Contractor
Construction Manager
Specialty Contractor
Design Builder
Other
Total

Response
13
10
11
5
8
47
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Even though, the total sample was of 34 companies, the type of company had
the option of multiple selections, which increased the number of responses for this
particular item. A construction company can serve different markets under different
organizational structures, therefore the importance to capture the participants
companies category(ies). This information provided an understanding of the type of
service in which the participants worked. Figure 4-2 shows the percentage breakdown
of the participants.

Specialty
Contractor
23%

Design Builder
11%

Other
16%

Construction
Manager
21%

A/E firm
2%
Architect
2%
EPC
10%

Owner
2%

General
Contractor
29%

Figure 4-2. Construction Company Category Survey Response

From the sample, a majority of the participants were General Contractors with
29% participation, followed by Specialty Contractors (23%), and Construction Managers
(21%).
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Out of the “Other” option from company category, the majority of participation
came from 10% of Engineering Procurement Construction (EPC) companies, followed by
2% Architecture and Engineering firms (A/E), 2% Architecture only, and 2% of Owners.
If “Specialty Contractor” was selected from the “Company Category” option, the
participant got prompted to specify, in an open text box, their specialty. The responses
are shown in Table 4-3.
Table 4-3. Type of Specialty Contractor
Type of Specialty
Contractor

Responses

Mechanical

7

Electrical

2

Electrical Transportation

1

As shown in Figure 4-3, the majority of the specialty contractors that
participated in the survey were Mechanical Specialty Contractors with 15% participation
out of the total sample participation. This is significant for our study since Mechanical
Specialty Contractors tend to have a similar structure to manufacturing and therefore it
is of interest to understand if this type of construction company has more assimilation
than the others. The rest of the specialty contractors came from Electrical related
businesses.
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Construction
Manager

General
Contractor

Design Builder
Mechanical, 15%
Specialty
Contractor, 23%
Electrical, 6%
Electrical
Transportation,
2%

Other

Figure 4-3. Type of Specialty Contractor Survey Response

Three major groups were identified from the demographics data and group
according to their similitudes in role in a construction project. These classifications were:
1. General Contractors/Construction Managers/Design Builders
2. Specialty Contractors (Mechanical, Electrical, Transportation)
3. Engineering (EPCM/A&E/ Owner)

4.3

Lean Items Responses

The Lean items in the “Lean Practices” Dimension was a new addition to the
research model. These items were the first items in the survey.

4.3.1 Lean Practices Dimension
The Lean Practices section of the survey consisted of seven items in a five-pointLikert-scale. The items were coded from one to five (1= Strongly Disagree, 2 = Inclined to
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Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree, and 5 = Strongly Agree) .
The items and the response distribution, total of responses for each item, and average
were summarized in Table 4-4.

Table 4-4. Lean Practices Items and Responses Summary
Item
Code

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

LP1

We incorporate
prefabrication or
modularization in our
projects

0

2

3

15

14

34

4.21

LP2

We apply Pull Planning or
Last Planner® during
project execution

0

3

8

13

10

34

3.88

LP3

The jobsite uses visual
devices that communicate
job status and
requirements on schedule,
quality, safety, and
productivity to everyone
(bulletin boards, flat
panels, etc.)

2

3

3

13

13

34

3.94

LP4

We use Integrated Project
Delivery (IPD) on our
projects

1

5

7

15

6

34

3.59

LP5

We use Just in Time (JIT) to
coordinate materials and
resources to the jobsite

0

4

8

17

5

34

3.68

LP6

We plan with Target Value
Design

3

8

8

12

3

34

3.12

LP7

We have members of our
organization taken formal
training from the Lean
Construction Institute (LCI)

6

6

6

8

8

34

3.18

The Lean Practice items were an addition to the original model developed by
Tracey et al. (2004). These practices are supported by the Lean Construction Institute
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(“Lean Construction Institute,” 2014) and the research in the field of Lean Construction
as mentioned in Chapter 3.
Figure 4-4 is a graphical representation of Lean Practice items from the higher to
the lower score on this section.

Likert Scale

Lean PracticesAverage Response Value for Survey Items in Desending
Order from Strongly Agree to Strongly Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

LP1

LP3

LP2

LP5

LP4

LP7

LP6

4.21

3.94

3.88

3.68

3.59

3.18

3.12

Figure 4-4. Lean Practices Average Response

From Figure 4-4, Modularization/Prefabrication (LP1) is the main practice being
applied by the participants, where 85.29% of them “Agreed” or “Strongly Agreed” to the
incorporation of these practices in last three years, with an average score of 4.21 out of
5.00. The second Lean practice more utilized by the participants was Visualization (LP3),
where 76.47% “Agreed” or “Strongly Agreed” to currently use them.
The use of Pull Planning or Last Planner® (LP2) was high as well, with a 67.64%
“Agreeing” or “Strongly Agreeing” to use them in their project planning stage.
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According to these findings, there is a lack of formal training from entities such as
the Lean Construction Institute (LP7) and a lack of use of Target Value Design (LP6).
Approximately 35% “Disagreed” or “Strongly Disagreed” to have members trained with
LCI, and 32.35% “Disagreed” or “Strongly Disagreed” to use Target Value Design on their
projects.
Just-In-Time practices (LP5) and Integrated Project Delivery (LP4) had more
disperse responses across the Likert spectrum; however, they show a slight tendency to
“Agree” about their utilization.
Overall, the items from this section have a positive tendency across the Likert
scale, varying from a “Neutral” to “Strongly agree”.

4.4

Supply Chain Items Responses

These items were extracted from the original survey and modified to fit the
construction language and the construction supply chain practices. This section was
divided into the following dimensions: Technology Utilization, Internal Relationships,
External Relationships, Integrated Project Development, Transportation Effectiveness,
Inventory Management, and Production Efficiency. The data collected from these
sections is summarized in the following sections.

4.4.1 Technology Utilization Dimension
The Technology Utilization section of the survey consisted of four five-pointLikert-scale items, which ranged from Strongly Disagree to Strongly Agree (1= Strongly
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Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree,
and 5 = Strongly Agree). The items and the frequency of responses are summarized in
Table 4-5. The total number of responses for each item is also shown in the “Response”
column. The total number of answers varied from item to item due to incompleteness of
survey responses from some participants.
Table 4-5. Technology Utilization Items and Responses Summary
Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

TU1

We incorporate
information
technologies
systems for any
material storage

1

3

9

13

6

32

3.63

TU2

We apply computerenhanced
technology to gather
useful information
on the requirements
of customers

0

3

4

18

6

31

3.87

TU3

We take advantage
of computerenhanced
technology to
manage
transportation

2

7

10

9

2

30

3.07

TU4

We apply computerenhanced
technology to
communicate with
suppliers

1

3

4

19

4

31

3.71

Item
Code

Item/Question

Figure 4-5 provides a graphical summary of the Technology Utilization items
from higher to lower average response ratings.
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Technology Utilization Average Response Value for Survey
Items in Desending Order from Strongly Agree to Strongly
Disagree

Likert Scale

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

TU2

TU4

TU1

TU3

3.87

3.71

3.61

3.07

Figure 4-5. Technology Utilization Average Reponses

The use of computer technology to gather customer requirements (TU2) rated
higher than the other three items in this section. There seems to be a tendency to agree
on technology usage to communicate with suppliers (TU4) and the use of technology
systems in material storage (TU1); however the average is not completely convincing, as
none of the items has an average rating greater than 4.00. The lowest rated item was
the item related to the use of computer technology to manage transportation (TU3)
with an average of 3.07, which indicates a very neutral response.
Overall the items in this section tend to be neutral, leaning towards “Neither
Agree nor Disagree”.
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4.4.2 Internal Relationships Dimension
The Internal Relationships section of the survey consisted of five items on a fivepoint-Likert-scale, ranging from Strongly Disagree to Strongly Agree (1= Strongly
Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree,
and 5 = Strongly Agree). The questions and the corresponding responses were
summarized in Table 4-6.
Table 4-6. Internal Relationship Items and Responses Summary
Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

IR1

We use crossfunctional teams to
assist in problemsolving

0

1

6

9

13

29

4.17

IR2

Procurement is
involved in strategic
decisions that affect
company/divisional
growth

0

2

9

13

5

29

3.72

IR3

Our purchasing
strategy is highly
integrated with our
company’s overall
strategy

1

7

8

7

6

29

3.34

IR4

Our job
classifications are
specific

1

2

8

15

2

28

3.54

IR5

We have a program
in place to promote
product quality

1

2

4

11

12

30

4.03

Item
Code

Item/Question

Figure 4-6 presents a graphical description of the average value of the responses
for each item in the Internal Relationships section.
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Likert Scale

Internal Relationships Average Response Value for Survey
Items in Desending Order from Strongly Agree to Strongly
Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

IR1

IR5

IR2

IR4

IR3

4.17

4.10

3.72

3.50

3.34

Figure 4-6. Internal Relationships Average Reponses

The item with the highest score in this section corresponds to the use of crossfunctional teams in problem solving (IR1) with an average score of 4.17 meaning a
strong tendency to agree/strongly agree. Item IR5, related to the level of agreement on
the use internal quality programs has a high average value (4.10) when compared to the
other items in this section. These two items (IR1 and IR5) show a strong assimilation.
The other three items left (IR2, IR4, and IR3) that measure the level of internal
involvement in company strategy like Procurement (IR2) and the integration of
purchasing with the rest of the company strategy (IR3) have an average value that tends
to slightly agree but leaning towards a more neutral stand, nor agree or disagree.
Overall, the results from this section show a tendency to agree.
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4.4.3 External Relationships Dimension
The External Relationships section of the survey consisted of six five-point-Likertscale items, ranging from Strongly Disagree to Strongly Agree (1= Strongly Disagree, 2 =
Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree, and 5 =
Strongly Agree). The items and the corresponding number of responses for each level of
agreement are recorded in Table 4-7. The number of participants varied in each item as
shown in the Response column due to incompleteness of responses from the
participants.

Table 4-7. External Relationship Items and Responses Summary
Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

ER1

We select and
evaluate suppliers
based on product
quality

0

0

3

22

6

31

4.10

ER2

We select and
evaluate suppliers
based on product
availability

0

0

5

22

4

31

3.97

ER3

We select and
evaluate suppliers
based on product
performance

0

0

1

26

4

31

4.10

ER4

Our
communications
with suppliers is
excellent

0

2

12

14

3

31

3.58

ER5

Purchasing is able
to fill special
requests promptly

0

3

12

14

2

31

3.48

ER6

We have
continuous
improvement
programs that
include key
suppliers

2

6

8

11

5

32

3.42

Item
Number

Item/Question
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Figure 4-7 is the graphical representation of the average of the ratings for each
item related to External Relationships. The items in Figure 4-7 have been arranged from
higher to lower average ranking in the Likert scale, according to the survey participants.

Likert Scale

External Relationships Average Response Value for Survey
Items in Desending Order from Strongly Agree to Strongly
Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

ER1

ER3

ER2

ER4

ER5

ER6

4.10

4.10

3.97

3.58

3.48

3.42

Figure 4-7. External Relationships Average Responses

There are two items which show the same statistical mean, those are related to
the selection of suppliers both based on product quality (ER1) and product performance
(ER3). Interestingly, selection of suppliers based on product quality (ER2) presents a
slightly lower average, but still with a strong tendency to “Agree”. The fourth ranking
came from the item related to excellent communication with suppliers (ER4). The
responses from this item tend to be more neutral with a tendency towards “neither
agree nor disagree”. The last two items with the lowest ranking average score are ER5
and ER6. The first one, ER5, relates to the ability from procurement to fill special
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requests and the last one, which is the lower score on this section, provides information
on the incorporation of continuous improvement programs with the suppliers.
Overall, this section’s responses range from a “neutral” response “agree”.

4.4.4 Integrated Project Development Dimension
The Integrated Project Development section of the survey consisted of three
items on a five-point-Likert-scale, ranging from Strongly Disagree to Strongly Agree ( 1=
Strongly Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined
to Agree, and 5 = Strongly Agree) . The questions and the corresponding number of
responses for each level in the Likert scale are recorded in Table 4-8.
Table 4-8. Integrated Project Development Items and Responses Summary
Item
Number

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

IPD1

We involve procurement in
the early stages of project
development

1

4

3

13

9

30

3.83

IPD2

We involve our customers in
the early stages of project
development

0

0

5

14

10

29

4.17

IPD3

We have representatives
from our suppliers on our
project design teams

2

7

8

11

2

30

3.13

Figure 4-8 is a graphical representation of the average response for each of the
items in the Integrated Project Development section in a descending order.
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Likert Scale

Integrated Project Development Average Response Value for
Survey Items in Desending Order from Strongly Agree to
Strongly Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

IPD2

IPD1

IPD3

4.17

3.83

3.13

Figure 4-8. Integrated Project Development Average Responses

From Figure 4-8, the higher average score pertains to the item related to the
involvement of the customer in early stages of the project (IPD2). This item tends to
agree/strongly agree. The second ranking item is related to the involvement of
procurement in early stages of the project (IPD1) with an average of 3.83, between
neutral response and a tendency to agree. Lastly, with the lowest score is IPD3, related
to representation of suppliers in the design stages of the project. This item has an
average of 3.13, which indicates a neutral response or “neither agree nor disagree”.
Overall this section ranges from a tendency to agree to a neutral response,
where the respondent neither agree nor disagrees.
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4.4.5 Transportation Effectiveness Dimension
The Transportation Effectiveness section of the survey consisted of three items
on a five-point-Likert-scale, ranging from Strongly Disagree to Strongly Agree (1=
Strongly Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined
to Agree, and 5 = Strongly Agree). The questions and the corresponding number of
responses for each level of the Likert scale are recorded in Table 4-9.
Table 4-9. Transportation Items and Responses Summary
Item
Code

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

T1

Transportation meets
delivery schedules at
jobsite

1

0

10

18

1

30

3.60

T2

Transportation reacts
quickly to special
requests at the jobsite

2

0

12

15

1

30

3.43

T3

Transportation
delivers shipments in
good condition to the
jobsite

1

1

7

20

1

30

3.63

Figure 4-9 is a graphical representation of the Transportation Effectiveness
average for each item.

84

Likert Scale

Transportation Average Response Value for Survey Items in
Desending Order from Strongly Agree to Strongly Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

T3

T1

T2

3.63

3.60

3.43

Figure 4-9. Transportation Effectiveness Average Responses

The three items in this section have a very similar average with a tendency from
neutral response to slightly agree. The item with the highest score in this section
corresponds to T3 which measured the agreement level with which the respondents
thought transportation delivered materials in good condition to the jobsite. The second
highest average score corresponds to T1, which was related to the ability of
transportation to meet delivery schedules. Lastly T2 had the lowest average score and
this item was related to the ability of transportation to react rapidly to special requests.
Overall, this section ranged between the neutral response of “Neither agree nor
disagree” to slightly Agree.
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4.4.6 Inventory Management Dimension
The Inventory Management section of the survey consisted of six items on a fivepoint-Likert-scale items, ranging from Strongly Disagree to Strongly Agree (1= Strongly
Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree,
and 5 = Strongly Agree). The questions and the corresponding number of responses for
each level of agreement are recorded in Table 4-10.
Table 4-10. Inventory Management Items and Responses Summary
Item
Number

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

IM1

We update inventory
records for on-site
deliveries

0

7

4

14

5

30

3.57

IM2

Materials warehousing
responds promptly to
requests on-site

0

4

9

13

4

30

3.57

IM3

Material controls support
responds expediently to
special requests

0

3

10

13

4

30

3.60

IM4

On-site materials are
stored with little damage
or loss

0

1

5

18

6

30

3.97

IM5

Labeling on packaged
materials is accurate and
distinguishable

0

3

11

14

2

30

3.50

IM6

We have accurate
information concerning
the physical location of
the materials on-site

0

4

11

12

3

30

3.47

Figure 4-10 is a graphical representation of the average response for each item
in the Inventory Management section in descending order.
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Inventory Management Average Response Value for Survey
Items in Desending Order from Strongly Agree to Strongly
Disagree

Likert Scale

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

IM4

IM3

IM1

IM2

IM5

IM6

3.97

3.60

3.57

3.57

3.50

3.47

Figure 4-10. Inventory Management Average Responses

None of the items in this dimension averaged more than 4.00. The six items in
this section show a very similar average, with a tendency between a neutral response
and slightly agree. The highest score corresponds to item IM4, which relates to the good
condition of material during storage. The other five items have a very similar response
mean. These items measure warehousing practices like material control abilities (IM3,
IM1, and IM2) and readily about information of stored materials and physical location
(IM5 and IM6).

4.5

Lean and SCM Outcomes Leading to Customer Value

The following data represents the dimensions in the survey that served as
intervening variables and that represent value to the customer according to continuous
improvement theory.
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4.5.1 Production Efficiency Dimension
The Production Efficiency section of the survey consisted of four items on a fivepoint-Likert-scale, ranging from Strongly Disagree to Strongly Agree (1= Strongly
Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree,
and 5 = Strongly Agree). The item items/questions and their corresponding number of
responses for the agreement level are summarized in Table 4-11.
Table 4-11. Production Efficiency Items and Responses Summary
Item
Number

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

PE1

Due to Lean,
production rework
costs have declined

1

3

12

9

5

30

3.47

PE2

Warranty costs have
declined

0

4

15

7

4

30

3.37

PE3

We establish and
meet production
schedules

0

1

6

18

5

30

3.90

PE4

Production costs per
unit have declined

1

3

11

13

2

30

3.40

Figure 4-11 is a graphical summary of the mean value of the responses for each
item in the Production Efficiency section. The items have been arranged from highest to
lowest scored to aid the visual interpretation of the level of assimilation of each
construct.
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Likert Scale

Production Efficiency Average Response Value for Survey
Items in Desending Order from Strongly Agree to Strongly
Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

PE3

PE1

PE4

PE2

3.90

3.47

3.40

3.37

Figure 4-11. Production Efficiency Average Responses

Average answers from these items range around a neutral response to neither
agree nor disagree, however the highest item, with a 3.90 average score is related to
the ability to establish and comply with production schedules. The other three items
have a very similar average response. Those three items are related to reduction of
rework costs due to Lean implementation (PE1), the general reduction of production
costs over the last three years (PE4), and lastly, the reduction of warranty costs. In
general, the costs-related items maintained a neutral average in the scale.

4.5.2 Project Delivery Dimension
This section of the survey consisted of three five-point-Likert-scale items, ranging
from Strongly Disagree to Strongly Agree (1= Strongly Disagree, 2 = Inclined to Disagree,
3 = Neither Agree nor Disagree, 4 = Inclined to Agree, and 5 = Strongly Agree). The
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questions and the corresponding number of responses for each level of agreement on
the scale are recorded in Table 4-12. The number of participants (n) was also recorded
in the “Response” column, as well as the coded average of the responses.
Table 4-12. Product Delivery Items and Responses Summary
Item
Code

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

PD1

We supply accurate
projected delivery dates

0

2

4

15

9

30

4.03

PD2

The billing statements we
issue are accurate

0

0

3

19

8

30

4.17

0

2

1

18

9

30

4.13

PD3

We work with each
customer to develop a
delivery schedule that is
acceptable

Figure 4-12 is a graphical representation of the average response rank in a
descending order for visual interpretation of each item in the Project Delivery dimension.

Likert Scale

Product Delivery Average Response Value for Survey Items
in Desending Order from Strongly Agree to Strongly
Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

PD2

PD3

PD1

4.17

4.13

4.03

Figure 4-12. Product Delivery Average Responses
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According to Figure 4-12, this dimension showed a high average on each item. All
three items were averaged at more the 4.00. The highest score was related to accuracy
of billing statements (PD2), the following highest score was from item PD3 which related
to involving the customer on scheduling the project, and the third item, also with a
tendency to Agree, was related with the ability to provide the customer with accurate
delivery dates. All the items in this dimension rated high, meaning a strong tendency
from Agree to Strongly Agree, demonstrating good ability of the construction companies
to meet customer requirements concerning the project delivery.

4.5.3 Response to Demand Dimension
The Response to Demand section of the survey consisted of three five-pointLikert-scale items, ranging from Strongly Disagree to Strongly Agree (1= Strongly
Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree,
and 5 = Strongly Agree). The questions and the corresponding number of responses for
each level of agreement are recorded in Table 4-13. The number of participants and the
coded average value for every item was also included in Table 4-13.
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Table 4-13. Response to Demand Items Survey Responses
Item
Number

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

RD1

We respond well to
customer demand for
“new” requests

0

0

3

15

11

29

4.28

RD2

We respond with
accurate information to
a customer inquiry
concerning a project

0

0

2

18

9

29

4.24

RD3

We respond well to
changing customer
preferences in our
projects

0

1

2

19

7

29

4.10

Figure 4-13 represents the items average responses in a descending order, going
from Strongly Agree (5.00) to Strongly Disagree (1.00).

Likert Scale

Response to Demand Average Response Value for Survey
Items in Desending Order from Strongly Agree to Strongly
Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

RD1

RD2

RD3

4.28

4.24

4.10

Figure 4-13. Response to Demand Average Response

According to Figure 4-13, the three items in this dimension were rated above 4.0,
meaning that they have a strong tendency to “Agree”. The highest average score

92
belongs to the item related to the ability to respond to new customer’s new requests,
RD1. The following item, RD2, with the highest rank average was related to the ability to
provide accurate information to customers when inquiries aroused. Lastly, but still with
a high score (4.10), RD3, which was an item related to the ability to respond well to the
customer changing preferences during project execution.

4.5.4 Product Quality Dimension
The Product Quality section of the survey consisted of three five-point-Likertscale items, ranging from Strongly Disagree to Strongly Agree (1= Strongly Disagree, 2 =
Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree, and 5 =
Strongly Agree). The questions and the corresponding responses are recorded in Table
4-14. The number of participants for this section was recorded in the column
“Response”, as well as the average coded value for each item.
Table 4-14. Product Quality Items and Responses Summary
Item

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

PQ1

The quality of our final
product is excellent

0

0

1

13

15

29

4.48

PQ2

We offer products that
are highly reliable

0

0

0

15

14

29

4.48

PQ3

We offer high quality
products to our
customers

0

0

1

13

15

29

4.48

Figure 4-14 is a graphical representation of the average coded values for each
item in the Product Quality dimension.
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Likert Scale

Product Quality Average Response Value for Survey Items in
Desending Order from Strongly Agree to Strongly Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

PQ1

PQ2

PQ3

4.47

4.47

4.47

Figure 4-14. Product Quality Average Responses

Every item in this section had the same average response. A response of 4.47 for
each item represents a high level of agreement with the items related to offering high
quality and reliable products.

4.5.5

Competitive Pricing Section

The Competitive Pricing section of the survey consisted of three five-point-Likertscale items, ranging from Strongly Disagree to Strongly Agree (1= Strongly Disagree, 2 =
Inclined to Disagree, 3 = Neither Agree nor Disagree, 4 = Inclined to Agree, and 5 =
Strongly Agree). The questions and the corresponding responses are recorded in Table
4-15. The number of participants for this section was recorded in the column “Response”
as well as the coded average for each item.
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Table 4-15. Competitive Pricing Items and Responses Summary
Item
Number

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

CP1

We offer competitive
prices

0

0

2

22

5

29

4.10

CP2

We are able to
compete based on our
prices

0

3

3

19

4

29

3.83

CP3

We offer prices below
the industry average

4

11

10

3

1

29

2.52

Figure 4-15 shows the average response for each of the items in descending
order.

Likert Scale

Competitive Pricing Average Response Value for Survey Items
in Desending Order from Strongly Agree to Strongly Disagree
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

CP1

CP2

CP3

4.10

3.83

2.55

Figure 4-15. Competitive Pricing Average Responses

The items from this dimension ranged the most out of all the dimensions in the
survey. The highest average, CP1, with a strong tendency to “Agree” was related to
offering competitive prices. The second ranking item was CP2 had a neutral tendency to
“Neither Agree nor Disagree”, this item was related to the ability to compete based on
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prices. The last item, with a score of 2.55, represents the lowest score item in the entire
survey. This last item is related to ability to offer prices below the competition.

4.6

Overall Performance Items Response

The Overall Performance section of the survey consisted of five five-point-Likertscale items that measured business performance, ranging from Strongly Disagree to
Strongly Agree (1= Strongly Disagree, 2 = Inclined to Disagree, 3 = Neither Agree nor
Disagree, 4 = Inclined to Agree, and 5 = Strongly Agree). The questions and the
corresponding responses are recorded in Table 4-16.
Table 4-16. Overall Performance Items and Responses Summary
Item
Number

Item/Question

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

Response

Average
Value

OP1

Our market share gain
is acceptable

0

5

5

15

4

29

3.62

OP2

Our customer
retention rate is
excellent

0

0

4

12

13

29

4.31

OP3

We are satisfied with
our overall
competitive position

0

7

6

11

5

29

3.48

OP4

We generate new
business through
customer referrals

0

1

2

15

11

29

4.24

OP5

Our growth in sales is
satisfactory

0

5

8

8

8

29

3.66

Figure 4-16 is a graphical representation of the average responses for each item
in the Overall Performance Dimension. The items were arranged in descending order for
easier visual interpretation.
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Likert Scale

Overall Performance Average Response Value for Survey
Items in Desending Order from Strongly Agree to Strongly
Disagree
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Average Response

OP2

OP4

OP5

OP1

OP3

4.31

4.24

3.66

3.62

3.48

Figure 4-16. Overall Performance Average Responses

The item with the highest score was the item related to customer retention (OP2)
with a strong tendency to agree from the participants, followed by the item related to
the ability to generate new business through customer referrals (OP4) which also
showed an average value with a strong tendency to agree. The other three items were
rated lower than 4.00, with averages indicating a tendency towards a neutral response.
These items were related to satisfactory sales growth (OP5), acceptable market share
gain (OP1), and level of satisfaction regarding overall competitive position (OP3).

4.7

Statistical Analysis

In this section, the results were analyzed through the use of descriptive statistics,
Factor Analysis, and Pearson’s correlation.
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4.7.1 Measures of Central Tendency and Dispersion
Table 4-17 is a summary of the responses for each Dimension, providing a
general idea of the response tendency and assimilation level. This table includes the
Dimension, the mean value of responses and the standard deviation, and the sample
size for each dimension.
Table 4-17. Central tendency and dispersion of Survey Dimensions

OP

SCM Outcomes

Lean and SCM Assimilations

Dimension

Original

Adjusted

Mean Standard Deviation N Standard Deviation (adj) N adj

Lean Practices

3.65

0.69

34

0.69

34

Technology Utilization

3.57

0.67

32

0.64

34

Internal Relationships

3.76

0.66

30

0.60

34

External Relationships

3.76

0.41

32

0.39

34

Integrated Project Development

3.71

0.82

30

0.77

34

Transportation Effectiveness

3.56

0.65

30

0.60

34

Inventory Management

3.61

0.61

30

0.58

34

Production Efficiency

3.53

0.68

30

0.64

34

Project Delivery

4.11

0.62

30

0.58

34

Response to Demand

4.21

0.54

29

0.50

34

Product Quality

4.48

0.53

29

0.50

34

Competitive Pricing

3.49

0.55

29

0.51

34

Overall Performance

3.86

0.74

29

0.68

34

According to the results shown in Table 4-17, the lowest mean from all the
sections under study corresponded to Competitive Pricing (CP) (𝑥̅ =3.49), and the highest
mean (𝑥̅ =4.48) relates to the Product Quality section, which also holds one of the lowest
standard deviation (s=0.50). The highest standard deviations comes from the items in
IPD and Lean Practices.
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Table 4-17 also shows how as the survey increased in number of Dimensions,
participation decreased, starting with 34 responses for the first Dimension in the survey
and ending with 29 responses for the last Dimension of Overall Performance.
Blank responses were substituted for the mean value of the item under study.

4.7.2 Factor Analysis and Variable Grouping
Using SPSS, Factor Analysis was performed for those Dimensions that had five or
more items (excluding Overall Performance): Lean practices, Internal Relationships,
External Relationships, and Inventory Management with the purpose of collapsing the
variables into a more manageable number. Overall Performance was conserved for the
same with the purpose of comparing the results to those found by Tracey et al. (2004).
The remaining sections that had four or less items remained the same: Technology
Utilization, Integrated Project Development, Transportation, Production Efficiency,
Product Delivery, Response to Demand, and Competitive Pricing.
The main purpose of the Factor Analysis was to understand if there was an
underlying grouping of the items that could be used for further analysis and alignment
with Tracey et al. (2004) factors. The test results together with literature support and
personal experience provided the final dimensions to analyze the results.
The analysis included five stages for each of the dimensions with five or more
items:
1. A correlation matrix was generated for all the variables in that section.
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2. The factors were extracted from the correlation matrix based on the
correlation coefficients of the variables.
3. Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) tests were
performed to ensure that the data was fitted for Factor Analysis.
4. The factors were rotated (orthogonal rotation) using Varimax with Kaiser
Normalization to maximize the relationship.
5. Results were analyzed with an eigenvalue of 1.0 or forced to more factors in
some cases. The scree plot was also analyzed for consistency of results.
The Factor Analysis process for the selected Dimensions is shown in the following
sections.
4.7.2.1 Lean Practices Factor Analysis Results
The Kaiser-Meyer-Olkin index (KMO Index) checks if the original variables are
factorable, comparing the values of correlations between variables and their partial
correlations. For our purposes, and as accepted in statistical practice, a KMO value
greater than 0.5 is acceptable (H. Zhang, Purdue Statistics Consultation Service, personal
communication, October 29, 2014)., meaning the variables are fitted for Factor Analysis.

Table 4-18. Lean Items KMO Index
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

.617
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According to the variable analysis in SPSS, the KMO index of the Lean Practices
was 0.617, therefore the data analyzed further.
Total Variance Explained is important to understand how the new factors
contribute to the total variation of the Dimension. For purposes of this research a
cumulative percentage greater than 70% was considered acceptable (H. Zhang, Purdue
Statistics Consultation Service, personal communication, October 29, 2014).
Table 4-19. Lean Items Total Variance Explained
Initial Eigenvalues
Component

Total

% of Variance

Rotation Sums of Squared Loadings

Cumulative %

Total

% of Variance

Cumulative %

LP1

2.876

41.090

41.090

1.906

27.232

27.232

LP2

1.259

17.991

59.081

1.780

25.434

52.666

LP3

1.050

14.996

74.077

1.499

21.411

74.077

LP4

.793

11.330

85.408

LP5

.460

6.566

91.973

LP6

.349

4.987

96.960

LP7

.213

3.040

100.000

Extraction Method: Principal Component Analysis.

The Cumulative Percentage of the Rotation Sums of Square Loadings shows
three components and a cumulative percentage of 74.077.
The Rotated Component Matrix uses orthogonal rotation to identify the
variables loadings according to their size for each component. Results are shown in
Table 4-20.
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Table 4-20. Lean Factors Rotated Component Matrix
Factor
1

2

3

LP1

-.055

.827

.071

LP2

.893

-.106

.067

LP3

.184

.813

.379

LP4

.088

.112

.915

LP5

.609

.192

.295

LP6

.600

.191

.602

LP7

.578

.580

-.242

Extraction Method: Principal Component
Analysis.
Rotation Method: Varimax with Kaiser
Normalization.
a. Rotation converged in 5 iterations.

The factors with the highest loadings and that were cohesive in context were
grouped. The resulting factors from the analysis for this Dimension are summarized in
Table 4-21.
Table 4-21. Lean Practice Factors Extracted
Factor 1
Lean Planning
LP2

We apply Pull
Planning or
Last Planner®
during project
execution

Factor 2
Lean On Site

LP5

LP7

We use Just in
Time (JIT) to
coordinate
materials and
resources to
the jobsite

We have
members of
our
organization
taken formal
training from
the Lean
Construction
Institute (LCI)

Factor 3
Lean Tech Tools

LP1

LP3

LP4

LP6

We incorporate
prefabrication
or
modularization
in our projects

The jobsite
uses visual
devices that
communicate
job status and
requirements
on schedule,
quality, safety,
and
productivity to
everyone

We use
Integrated
Project
Delivery (IPD)
on our projects

We plan with
Target Value
Design
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4.7.2.2 Internal Relationships Factor Analysis Results
The Kaiser-Meyer-Olkin index (KMO Index) checks if the original variables are
factorable, comparing the values of correlations between variables and their partial
correlations. For our purposes, and as accepted in statistical practice, a value greater
than 0.5 is acceptable0.5 (H. Zhang, Purdue Statistics Consultation Service, personal
communication, October 29, 2014)., meaning the variables are fitted for Factor Analysis.
Table 4-22. Internal Relationships Items KMO Index
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

.598

According to the variable analysis in SPSS, the KMO index of the Lean Practices
was 0.598, therefore the data analyzed further.
Total Variance Explained is important to understand how the new factors
contribute to the total variation of the Dimension.
Table 4-23. Internal Relationships Total Variance Explained
Initial Eigenvalues
Component

Total

Rotation Sums of Squared Loadings

% of Variance

Cumulative %

Total

% of Variance

Cumulative %

IR1

2.374

47.486

47.486

1.617

32.342

32.342

IR2

.954

19.080

66.566

1.465

29.302

61.644

IR3

.841

16.810

83.377

1.087

21.733

83.377

IR4

.559

11.187

94.563

IR5

.272

5.437

100.000

Extraction Method: Principal Component Analysis.
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The Cumulative Percentage of the Rotation Sums of Square Loadings shows
three components and a cumulative percentage of 83.377.
The Rotated Component Matrix uses orthogonal rotation to identify the
variables loadings according to their size for each component.
Table 4-24. Internal Relationship Factors Rotated Component Matrix
Factor
1

2

3

IR1

.108

.190

.959

IR2

.889

.286

-.101

IR3

.865

.082

.353

IR4

.245

.780

.113

IR5

.088

.856

.139

Extraction Method: Principal Component
Analysis.
Rotation Method: Varimax with Kaiser
Normalization.
a. Rotation converged in 5 iterations.

The factors with the highest loadings and that were cohesive in context were
grouped. The resulting factors from the analysis for this Dimension are summarized in
Table 4-25.
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Table 4-25. Internal Relationships Factors Extracted
Factor 1
Logistics Participation in Strategy

Factor 3
Participative
Leadership

Factor 2
Internal Programs

IR2

IR3

IR4

IR5

IR1

Procurement is
involved in strategic
decisions that affect
company/divisional
growth

Our purchasing
strategy is highly
integrated with our
company’s overall
strategy

Our job
classifications are
specific

We have a program
in place to promote
product quality

We use cross-functional
teams to assist in
problem-solving

4.7.2.3 External Relationships Factor Analysis Results
The Kaiser-Meyer-Olkin index (KMO Index) checks if the original variables are
factorable, comparing the values of correlations between variables and their partial
correlations. For our purposes, and as accepted in statistical practice, a value greater
than 0.5 is acceptable (H. Zhang, Purdue Statistics Consultation Service, personal
communication, October 29, 2014), meaning the variables are fitted for Factor Analysis.
Table 4-26. External Relationships Items KMO Index
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

.630

According to the variable analysis in SPSS, the KMO index of the Lean Practices
was 0.617, therefore the data analyzed further.
Total Variance Explained is important to understand how the new factors
contribute to the total variation of the Dimension.
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Table 4-27. External Relationship Items Total Variance Explained
Extraction Sums of Squared

Rotation Sums of Squared

Loadings

Loadings

Initial Eigenvalues

Total

% of

Cumulativ

Variance

e%

Total

% of

Cumulativ

Variance

e%

Total

% of

Cumulati

Variance

ve %

ER1

2.182

36.369

36.369

2.182

36.369

36.369

1.886

31.440

31.440

ER2

1.221

20.348

56.717

1.221

20.348

56.717

1.188

19.800

51.241

ER3

.838

13.962

70.679

.838

13.962

70.679

1.166

19.438

70.679

ER4

.762

12.693

83.372

ER5

.594

9.894

93.266

ER6

.404

6.734

100.000

Extraction Method: Principal Component Analysis.

The Cumulative Percentage of the Rotation Sums of Square Loadings shows
three components and a cumulative percentage of 70.679.
The Rotated Component Matrix uses orthogonal rotation to identify the
variables loadings according to their size for each component. For this analysis the
eigenvalue was forced to 3, in order to obtain a higher percentage representation from
the factors. If the factors were left at eigenvalue=1, then only two factors appeared.
After checking the scree plot for this specific case, it was decided that the inflexion in
the graph allowed for three factors, therefore the eigenvalue was forced to take a value
of 3.
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Table 4-28. External Relationships Rotated Component Matrix
Factor
1

2

3

ER1

.675

-.058

.398

ER2

.317

.838

.122

ER3

.805

-.015

.003

ER4

.452

-.682

.298

ER5

.073

-.014

.950

ER6

.687

.130

.043

Extraction Method: Principal Component
Analysis.
Rotation Method: Varimax with Kaiser
Normalization.
a. Rotation converged in 4 iterations.

The factors with the highest loadings and that were cohesive in context were
grouped as highlighted. The resulting factors from the analysis for this Dimension are
summarized in Table 4-29.
Table 4-29. External Relationships Factors Extracted
Factor 1
Supplier Selection and Evaluation

Factor 2
Supplier Management

Factor 3
Special
Requests

ER1

ER3

ER6

ER2

ER4

ER5

We select and
evaluate
suppliers based
on product
quality

We select and
evaluate
suppliers based
on product
performance

We have
continuous
improvement
programs that
include key
suppliers

We select and
evaluate suppliers
based on product
availability

Our
communications
with suppliers is
excellent

Purchasing is able
to fill special
requests promptly
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4.7.2.4 Inventory Management Factor Analysis Results
The Kaiser-Meyer-Olkin index (KMO Index) checks if the original variables are
factorable, comparing the values of correlations between variables and their partial
correlations. For our purposes, and as accepted in statistical practice, a value greater
than 0.5 is acceptable, meaning the variables are fitted for Factor Analysis.

Table 4-30. Inventory Management Items KMO Index
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

.654

According to the variable analysis in SPSS, the KMO index of the Lean Practices
was 0.617, therefore the data analyzed further.
Total Variance Explained is important to understand how the new factors
contribute to the total variation of the Dimension.
Table 4-31. Inventory Management Total Variance Explained

Component

Total

Initial Eigenvalues

Rotation Sums of Squared Loadings

% of Variance Cumulative %

Total

% of Variance Cumulative %

IM1

3.066

51.105

51.105

2.458

40.972

40.972

IM2

1.334

22.226

73.331

1.942

32.359

73.331

IM3

.618

10.303

83.634

IM4

.515

8.581

92.215

IM5

.381

6.345

98.560

IM6

.086

1.440

100.000

Extraction Method: Principal Component Analysis.

The Cumulative Percentage of the Rotation Sums of Square Loadings shows two
components and a cumulative percentage of 73.331.
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The Rotated Component Matrix uses orthogonal rotation to identify the
variables loadings according to their size for each component.

Table 4-32. Inventory Management Rotated Component Matrix
Factor
1

2

IM1

.727

.295

IM2

.926

.136

IM3

.940

.083

IM4

-.012

.878

IM5

.189

.739

IM6

.390

.716

Extraction Method: Principal
Component Analysis.
Rotation Method: Varimax with
Kaiser Normalization.
a. Rotation converged in 3
iterations.

The factors with the highest loadings and that were cohesive in context were
grouped as highlighted. The resulting factors from the analysis for this Dimension are
summarized in Table 4-33.
Table 4-33. Inventory Management Factors Extracted
Factor 1
Inventory Control

Factor 2
Warehousing

IM1

IM2

IM3

IM4

IM5

IM6

We update
inventory
records for onsite deliveries

Materials
warehousing
responds
promptly to
requests on-site

Material controls
support responds
expediently to
special requests

On-site materials
are stored with
little damage or
loss

Labeling on
packaged
materials is
accurate and
distinguishable

We have accurate
information
concerning the
physical location of
the materials onsite
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4.7.3 New variables according to Factor Analysis
A summary table that includes the Dimensions and the new factors found
through Factor Analysis is shown in Table 4-34. The Dimensions correspond to the
original survey sections. The New Factors column corresponds to the variable grouping
found after analysis. The third column is the new unique code used to describe the
factor and the last column “Items” corresponds to the original items that are grouped
into each factor.
Table 4-34. Final Model Dimensions after Factor Analysis
Dimension

New Factor

Factor Code

Items

Lean Planning

LP

LP2, LP5, LP7

Lean Onsite

LO

LP1, LP3

Lean Technical Tools

LT

LP4, LP6

Technology Utilization

TU

TU1, TU2, TU3, TU4

Logistics Participation in Strategy

LoP

IR2, IR3

Internal Programs

IP

IR4, IR5

Participative Leadership

PL

IR1

Supplier Selection and Evaluation

SS

ER1, ER3, ER6

Supplier Management

SM

ER2, ER4

Special Requests

SR

ER5

Integrated Project Development

Integrated Project Development

IPD

IPD1, IPD2, IPD3

Transportation Effectiveness

Transportation

T

T1, T2, T3

Inventory Control

IC

IM1, IM2, IM3

Lean Practices

Technology Utilization

Internal Relationships

External Relationships

Inventory Management
Warehousing

W

IM4, IM5, IM6

Production Efficiency

Production Efficiency

PE

PE1, PE2, PE3, PE4

Product Delivery

Product Delivery

PD

PD1, PD2, PD3

Response to Demand

Response to Demand

RD

RD1, RD2, RD3

Product Quality

Product Quality

PQ

PQ1, PQ2, PQ3

Competitive Pricing

Competitive Pricing

CP

CP1, CP2, CP3

Overall Performance

Overall Performance

OP

OP1, OP2, OP3, OP4, OP5

Table 4-35 shows this research factors and those extracted from the
manufacturing study (Tracey et al., 2004).
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Table 4-35. Construction and Manufacturing Final Factors
Original Dimensions
LEAN PRACTICES
TECHNOLOGY UTILIZATION
INTERNAL RELATIONSHIPS

EXTERNAL RELATIONSHIPS
INTEGRATED PROJECT DEVELOPMENT
TRANSPORTATION EFFECTIVENESS
INVENTORY MANAGEMENT
PRODUCTION EFFICIENCY
PRODUCT DELIVERY
RESPONSE TO DEMAND
PRODUCT QUALITY
COMPETITIVE PRICING
OVERALL PERFORMANCE

New Factors

Tracey et al. (2004)

Lean Planning
Lean Onsite
Lean Technical Tool
Internal Technology Usage
Supply Chain Technology Usage
Participative Leadership
Internal Programs
Logistics Participation in Strategy
Supplier Selection and Evaluation
Supplier Management
Special Requests
Integrated Project Development
Transportation Effectiveness
Inventory Control
Warehousing
Production Efficiency
Product Delivery
Response to Demand
Product Quality
Competitive Pricing
Overall Performance

Internal Technology Usage
Supply Chain Technology Usage
Participative Leadership
Manufacturing Participation in Strategy
Logistics Participation in Strategy
Supplier Selection and Evaluation
Supplier Management
Integrated Product Development
Transportation Effectiveness
Inventory Control
Warehousing and Packaging
Production Efficiency
Product Delivery
Response to Demand
Product Quality
Competitive Pricing
Overall Performance

Table 4-35 shows the alignment of the new construction factors with the
manufacturing factors with the purpose of reproducing the correlation test.

4.7.4 Manufacturing and Construction Central Tendencies
Table 4-36 is a comparison table of the Construction factors and the
Manufacturing Factors mean and standard deviation found by Tracey et al. in 2004. The
first column represents the original Dimensions from the research model shown in
Figure 3-1. The second column corresponds to the new factors after Factor Analysis. The
factors found from the Construction model were aligned with those from manufacturing
according to content and measurement objective. The means and standard deviations
for each factor were compared. The Higher Industry Score column shows the industry in
which the mean was higher, reflecting greater assimilation. The factors that did not have
a match from Construction to Manufacturing were left as N/A. The last column
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represents how much higher the industry mean was for that specific industry as a
percent difference.

Table 4-36. Simple Mean Comparison of Manufacturing and Construction
Original Dimensions

Manufacturing
Study

Construction
Study

Mean

Std

Mean

Std

N/A

-

3.58

0.81

-

-

Lean Onsite

-

-

4.07

0.89

-

-

Lean Technical Tool

-

-

3.35

0.96

-

-

Internal Technology Usage

2.68

0.90
3.56

0.67

Construction

17.60

Supply Chain Technology Usage

2.50

0.94

Participative Leadership

3.46

0.87

4.17

0.89

Construction

14.20

Manufacturing Participation in
Leadership / Internal Programs

3.28

1.05

3.81

0.75

Construction

10.60

Logistics Participation in Strategy

2.67

0.70

3.53

0.92

Construction

17.20

Supplier Selection and Evaluation

3.98

0.64

3.87

0.52

Manufacturing

2.20

Supplier Management

3.41

0.79

3.77

0.43

Construction

7.20

-

-

3.48

0.77

-

-

New Factors
(Manufacturing/Construction)
Lean Planning

LEAN PRACTICES

TECHNOLOGY UTILIZATION

INTERNAL RELATIONSHIPS

EXTERNAL RELATIONSHIPS

Special Requests

Percent
Higher Industry
Difference
Score
(%)

INTEGRATED PROJECT
DEVELOPMENT

Integrated Product Development

2.98

0.74

3.71

0.97

Construction

14.60

TRANSPORTATION
EFFECTIVENESS

Transportation Effectiveness

3.48

0.71

3.56

0.78

Construction

1.60

Inventory Control

3.89

0.82

3.58

0.82

Manufacturing

6.20

Warehousing and Packaging /
Warehousing

3.69

0.89

3.64

0.63

Manufacturing

1.00

PRODUCTION EFFICIENCY

Production Efficiency

3.29

0.96

3.53

0.88

Construction

4.80

PRODUCT DELIVERY

Product Delivery

3.99

0.68

4.11

0.74

Construction

2.40

RESPONSE TO DEMAND

Response to Demand

3.88

0.73

4.21

0.63

Construction

6.60

PRODUCT QUALITY

Product Quality

4.23

0.71

4.48

0.55

Construction

5.00

COMPETITIVE PRICING

Competitive Pricing

3.25

0.78

3.49

0.76

Construction

4.80

OVERALL PERFORMANCE

Overall Performance

3.40

0.94

3.86

0.90

Construction

9.20

INVENTORY MANAGEMENT
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4.7.5 Bivariate Correlation Comparison between Construction and Manufacturing
After Factor Analysis was performed and the factors or new variables were
identified, they were correlated using Pearson’s correlation coefficient. The purpose of
this correlation was to find if two or more variables had a strong and significant
correlation. Tracey et al. (2004) used a Pearson’s correlation matrix on his original study
in manufacturing to understand the level of the assimilations of Supply Chain
Management practices in forest product manufacturing industries. This study replicated
the same method to find the differences in similitudes in correlations with similar
dimensions in construction.
The two correlation tables (construction and manufacturing) and their dimension
content were not identical due to the different natures of the business, the number of
survey items included, and the addition of a new survey section. However, the
dimensions in the construction study have been aligned and match to be compared with
the previous study results from manufacturing as close as possible.
The correlation coefficients for the construction industry dimensions are shown
as a matrix in Table 4-37. The shaded correlations correspond to those correlations at a
0.01 significance level (2-tailed test) and those with an asterisk (*) represent those
correlations with a significance level of 0.05 (2-tailed test). The stringent used of the
alpha level was chosen to provide a greater confidence in the results given the debate
on the Likert scale use discussed in Chapter 3.
The results from manufacturing are shown in Table 4-38 (Tracey et al., 2004).

113

Table 4-37. Pearson’s Correlation Coefficient Matrix among All Construction Industry

OP

SCM OUTCOMES

LEAN AND SUPPLY CHAIN MANAGEMENT ASSIMILATIONS

Variables
LEAN

SUPPLY CHAIN MANAGEMENT ASSIMILATIONS

Dimension
(mean, standard deviation)

LP

LP

Lean Planning (3.58, 0.81)

1

LO

Lean On site (4.07, 0.89)

.407*

1

LT

Lean TechTools (3.35, 0.96)

.418*

.423*

TU

Technology Utilization (3.56, 0.67) 0.243 .377*

.426*

1

LoP

Logistics Participation (3.53, 0.92)

0.146

0.348

0.475

0.359

1

IP

Internal Programs (3.81, 0.75)

0.292

0.326

.405*

0.285

.414*

1

PL

Participative Leadership (4.17,
0.89)

.460*

0.229

0.346

0.206

0.3

0.346

1

SS

Supplier Selection and Eval (3.87,
0.52)

0.242

0.329

0.316

0.237

0.573

0.516

0.356

1

SM

Supplier Management (3.77, 0.43) 0.151 0.006 0.216 0.046

.401*

0.04

0.513

0.467

1

SR

Special Requests (3.48, 0.77)

0.245

0.206

0.291

-0.087

0.188

0.16

0.314

0.271

0.243

1

IPD

Integrated Project Dev. (3.69,
0.82)

0.25

0.318

0.604

0.285

0.697

0.617

0.315

0.629

0.247

0.32

1

LO

LT

TU

LoP

IP

PL

SS

SM

SR

IPD

SCM OUTCOMES
T

IC

W

PE

PD

RD

PQ

CP

1

T

Transportation (3.56, 0.65)

-0.001 0.351

0.077

.367*

0.276

0.065

0.162

0.295

0.089

0.114

0.165

1

IC

Inventory Control (3.58, 0.82)

0.033

0.281

0.233

0.487

.396*

0.158

0.195

0.512

.362*

0.18

0.254

0.27

1

W

Warehousing (3.64, 0.63)

0.282

.453*

.443*

0.33

0.507

0.644

0.34

0.693

0.319

0.069

0.511

0.107

.425*

PE

Production Efficiency (3.53, 0.68)

0.469

0.284

.448*

-0.022

0.266

0.367

0.209

0.226

0.203

.405*

0.305

-0.239 -0.121 .421*

PD

Product Delivery (4.11, 0.62)

0.344

0.161

0.484

-0.021

0.361

0.326

0.487

0.543

.445* .619**

0.493

-0.114 .418*

.435*

.368*

1

RD

Response to Demand (4.21, 0.54)

0.141

-0.078 0.257

0.152

0.158

.433*

0.336

0.316

0.244

0.131

.465*

-0.063 0.184

.432*

0.256

0.526

1

PQ

Product Quality (4.47, 0.53)

0.129

0.232

0.248

0.165

0.194

0.114

0.312 .512** 0.217

0.307

0.299

0.235

0.558

0.536

0.177

0.513

0.48

1

CP

Competitive Pricing (3.49, 0.55)

0.286

0.325

0.348

0.166

.455*

0.287

0.311

0.264

0.513

0.211

0.481

0.085

0.146

0.277

.417*

0.223

0.226

-0.133

1

OP

Overall Performance (3.86, 0.74)

0.054

0.161

.457*

0.27

0.531

0.574

.402*

.450*

0.214

-0.008

0.712

-0.225 0.183

0.594

0.272

0.501

0.539

0.255

0.292

1

1

* Correlation is significant at the 0.05 level (2-tailed).
Shaded: Correlation is significant at the 0.01 level (2-tailed).

Note: Shaded: Significant correlation at the 0.01 level (2-tailed), *Significant correlation at 0.05 level (2-tailed)

The significant correlations at 0.01 level were shaded and the significant
correlations at 0.05 had an asterisk next to the correlation coefficient. The variables
from Table 4-37, with the stronger correlations were:
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Overall Performance & Integrated Project Development: 0.712



Integrated Project Development and:



-

Logistics Participation in Strategy: 0.697

-

Supplier Selection and Evaluation: 0.629

-

Internal Programs: 0.617

-

Lean Technical Tools: 0.604

Warehousing and:
-

Supplier Selection: 0.693

-

Internal Programs: 0.644

The variables with less correlation to other variables, according to the
construction correlation matrix, were:
-

Lean Operations

-

Special Requests

-

Transportation

-

Technology Utilization

Significant correlations at the 0.01 level are shaded in grey and 0.05 significant
correlations are boxed in Tracey et al. (2004) correlation matrix. The summary of
bivariate correlations is shown in Table 4-38.
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Table 4-38. Tracey et al. (2004) Correlation Matrix Among All Dimensions

Note: Adapted from An Explanatory Model and Measurement Instrument: A Guide to Supply Chain
Management Research and Applications, p.66, by Tracey et al., 2004.

The strongest correlations in the manufacturing study, according to Tracey et al.
(2004), were:


Production Efficiency & Product Delivery: 0.815



Logistics Participation in Strategy and:
-

Supplier Management: 0.756

-

Integrated Project Development: 0.611
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Transportation Effectiveness and:
-

Integrated Project Development: 0.713

-

Participative Leadership: 0.629



Supplier Selection and Evaluation & Product Quality: 0.636



Overall Performance and:
-

Logistics Participation in Strategy: 0.767

-

Supplier Management: 0.720

-

Warehousing and Packaging: 0.602

When the two industries were compared for common factors with high
correlation, several variables shared high and positive correlations. These are shown in
Table 4-39.
Table 4-39. Manufacturing and Construction Common Significant Correlations
Construction Manufacturing

0.697**

0.611**

Logistics Participation in Strategy &
Warehousing

0.507**

0.596**

Participative Leadership & Supplier
Management

0.513**

0.500*

Response to Demand & Product
Delivery

0.526**

0.490*

Response to Demand & Product Quality

0.480**

0.541*

Overall Performance & Logistics
Participation in Strategy

0.531**

0.767**

Overall Performance & Integrated
Project Development

0.712**

0.582**

Independent Variables

Integrated Project Development &
Logistics Participation in Strategy

Dependent Variables

Variables in Correlation

Overall Performance

Type of
Variable

Significance: *α=0.05; **α=0.01
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4.7.6 Hypothesis Testing
The hypothesis of this study was:
Ho: There is a not a significant correlation between the Lean and Supply Chain
Management factors and the overall performance measurements in construction firms.
H1: There is a significant correlation between the Lean and Supply Chain
Management factors and the overall performance measurements in construction firms.
Table 3-47 highlights the significant correlations to our dependent variable:
Overall Performance. From the survey data collected, there are six significant
correlations to some of the Lean and Supply Chain Management practices to the
performance as perceived by the participants of this study.
With the data analysis performed the researcher rejects the null hypothesis.

4.8

Summary

The survey reached 180 members of construction companies. Thirty-four out of
180 responded, this represented a 18.8% response rate. The data was treated with
Factor Analysis to find the underlying grouping to align the data with a previous forest
product manufacturing study. The factors results were aligned with Tracey et al. (2004)
and the means and standard deviations were compared for each factor across both
industries, providing a general understanding of the level of assimilation for each
industry and providing a point of comparison between both of them.
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The variables from Construction were also correlated using Pearson’s correlation.
Some of the variables showed high correlations, and some variables did not show
correlations to any other.
The “Company Type” was treated as a binary dummy variable and included in
the correlation matrix to test if there was a relation between General Contractors,
Specialty Contractors, or Engineering Firm to any of the Lean and Supply Chain
Management responses.
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CHAPTER 5.

CONCLUSIONS AND RECOMMENDATIONS

This study aimed to understand the level of assimilation, defined as the adaption
and understanding, of Lean and Supply Chain Practices in the Construction Industry,
taking as a base a model and an instrument developed to measure the level of
assimilation of these concepts in Manufacturing. This Chapter includes the summary,
the outcomes, the conclusions, and the recommendations based on the quantitative
findings.

5.1

Lean Practices in the Construction Industry

The Lean Practices for this study were defined as a set of seven tools and practices
that, according to literature, are essential part of Lean philosophy and that are
applicable to construction. Historical data has shown that the application of Lean in
other environments has helped reduce waste and improving capacity; however the
Construction Industry state of adaption has not been measured yet nor compared to
important outcomes of customer value such as productivity, flexibility, pricing, and
flexibility of response.
According to the data gathered, there is a moderate assimilation of Lean Practices
in the Construction Industry, the highest ranking practices were Prefabrication and
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Visualization in the construction projects. The lowest scoring Lean Practices were
related to the use of Target Value Design and formal training of members from the Lean
Construction Institute. Even though they showed a lower mean, they still had a slight
tendency to be used or performed. Lean Construction Institute training showed a range
of responses across the Likert spectrum from Strongly Disagree to Strongly Agree. This
could be due to the partitioned nature of the company categories in this study. Perhaps
a more in-depth study would be recommended to focus on how certain construction
company types/categories use their Lean practices differently.
From the correlation matrix it can be concluded that Lean planning, which
involved the use of Pull Planning, Just-in-time practices, and use of formal Lean training
had a positive correlation with the outcome Production Efficiency, however it did not
show significant correlation with our variable of interest: Overall Performance.
Lean Onsite Operations, which included items like prefabrication and visualization
did not have any correlations to the other variables, nor were they correlated to the
business performance indicators.
Lean Technical Tools, which included Integrated Project Delivery organizational
structure and use of Target Value Design, had a strong correlation with Logistics
Participation in Strategy and Integrated Project Development. This variable also
correlated to the outcome Product Delivery but did not correlate to Overall
Performance.
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The Construction Industry started to adapt the Lean philosophy; however there is
still a need for more formal understanding of the technical tools and how to operate
those in the day-to-day of a construction project.
There was no point of reference or comparison to manufacturing for the Lean
Practice constructs, therefore providing an opportunity for future research.
The researcher was expecting to see a significant correlation between Lean
Practices and Overall Performance; however this was not the case. The responses from
the Lean Practices had one of the highest standard deviations, therefore providing
information on the perceptions of this practices use in the industry. There is a road
ahead of construction regarding Lean practices and formal adaption of these from the
first stages of a project development to the everyday execution.

5.2

Current SCM Practices in the Construction Industry

The Supply Chain in Construction is complex, specially its integration due to the
divergent interests of team members involved, scopes of work, difficult flow, and the
inherent conditions of the business such as contracts, geographical locations, and
weather conditions.
The tasks of implementing and sustaining Supply Chain Management in
Construction are also complex; however they can result in cost savings, better
scheduling, reduced waste, better integration and communication, and satisfied
customers and owners.
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In this study, Supply Chain Management was defined under the umbrella of
several key elements: Technology utilization, internal and external relations, integrated
product/project development, logistics including inventory, transportation and
warehousing.
According to the data shown in Chapter 4, the highest assimilations of SCM in this
study were: Participative Leadership, Product Quality, Response to Demand, and
Product Delivery. These Supply Chain concepts were those which participants rated
higher. These were the practices that, according to them, were more utilized in their
companies in the last three years overall. Participative Leadership, which in this study
was related to the use of cross-functional teams that assist during problem solving.
Product Quality, related to the final product with excellent and highly reliable quality.
Response to Demand, which, according to the participants was an accurate response to
information, an ability to work with customer changing preferences and new requests
along the course of a project and finally, Product Delivery, which was accurate in
projecting project delivery dates and including the customer in schedule and planning,
and the ability to provide the correct billings to the customer and to any other party
involved. It does not seem surprising that these characteristics rated high, because this
have been for a long time the focus of the construction industry, however, the other
side of the coin shows its weaknesses.
The low assimilation scores were in: Technology Utilization, Logistics Participation
in Strategy, Special Requests, Transportation Effectiveness, Inventory Control,
Production Efficiency, and Competitive Pricing. Even though, the assimilation of these
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important practices still do not show a convincing utilization or full implementation in
Construction, they still exhibited higher scores than those from the Manufacturing study
(Tracey et al., 2004) for 13 out of 16 factors under study. Thirteen out of sixteen
comparable factors resulted in a higher mean response in Construction than in
Manufacturing. The biggest difference being in Technology Utilization (17.60% higher),
Logistics Participation in Strategy (17.20% higher), Integrated Project Development
(14.60% higher), and Participative Leadership (14.20% higher).
Those factors in which Manufacturing had a positive percent difference were:
Supplier Selection and Evaluation (2.20% higher), Inventory Control (6.20% higher), and
Warehousing (1.00% higher). Even though these rated higher, their percent differences
do not seem much higher than those in Construction.
It has to be acknowledge that the limitations of this study include the use of data
from 2004 for comparison, leaving a decade of probable change in Manufacturing,
however for this study it serves as an exploratory tool to understand the Construction
industry and perhaps define future research in this area.

5.3

Main Factors Influencing Overall Performance

Overall Performance was defined for this study as a set of business indicators that
allowed the researcher to correlate to Lean and SCM Practices and to the Outcomes of
Customer Value such as pricing, quality, response, etc. These indicators were general
and indicated the perception of the participants with respect to their company business
success over the last three years.
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From the correlation analysis in Construction, it can be concluded that the factors
influencing more significantly the business performance were: Integrated Project
Development (IPD), Logistics Participation, Internal Programs, Warehousing practices,
Product Delivery, and Response to Demand.
It is necessary to understand that the high or significant correlations showed in
the Construction Industry analysis do not necessarily indicate a high assimilation but
rather a positive correlation.
In the Manufacturing study, Tracey et al. (2004) found the factors most influential
in Overall Performance to be: Manufacturing Participation in Strategy, which we called
Internal Programs, Logistics Participation in Strategy, Supplier Management, Integrated
Product/Project Development, Transportation Effectiveness, and Production Efficiency.
Several of these factors infiltrate both industries with high correlation to business
indicators, the most relevant were: the use of Integrated Project Development, and the
involvement of logistics in strategic decisions.
Close to 50% of the Assimilation Dimensions show a significant correlation (α=0.05
and α=0.01) to Overall Performance. A majority of positive correlation coefficients
indicate that as most of the Dimensions increased, the Overall Performance increased as
well.

5.4

Practical Implications

The practical implications of this study are in the identification of those practices
related to Lean and Supply Chain that are being used less and from there the possibility
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of new propositions to improve the Construction Industry performance. Another
important application of this study was the validation of a new model and instrument
that can be further refined and continue to be applied to the construction firms to
understand where they stand in regards to Lean and Supply Chain Management.

5.5

Conclusions and Recommendations

This research aimed to categorize and correlate the principles of Lean and Supply
Chain Management based on constructs formed from an extensive literature review,
expert advice, and an explanatory model and measurement instrument developed by
Tracey et al. in 2004.
According to the results shown in Chapter 4, the Construction industry is starting
to incorporate some components of Supply Chain Management such as integration and
product quality focus, however it also showed that its weaknesses are still on those
concepts and practices most likely foreign to construction, the most impactful being
warehousing practices, transportation management, and technology employment.
Lean Construction has been around for a couple of decades, and the data showed
how most companies have an understanding and are doing an effort to incorporate
some of these practices into their projects, showing higher average scores than many
other items.
Lean Construction is growing and construction companies are just starting to
invest in their project teams’ Lean knowledge, and in their Lean planning. However the
Lean practices in this study do not show to have an impact on the business indicators,
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and almost no impact with any other factors. This may indicate a possible disconnect
between the implementation of Lean as an integral part of the Supply Chain and not as
isolated practices. This disconnect, could also be the reason why in this study the use of
Lean is not being reflected in positive business indicators.
The Construction industry is at an exciting moment where momentum is building
to innovate and adapt favorable practices. This industry has the necessity to
acknowledge the need first and then act upon it. The Supply Chain Management is not a
concept of manufacturing anymore.
One of the main problems with the incorporation of Lean and SCM in
construction is the confusion and misunderstanding of these practices. Many
construction companies feel alienated from these concepts and believe that they are
only applicable to manufacturing settings, were one product is mass produced. However,
the reality is that construction firms and specialty contractors are part of the supply
chain of events every day. In an industry that requires collaboration to succeed, Lean
and SCM can provide great tools to improve upon the relationships and in the flow of
activities.
In this study, the researcher was able to find that the Construction Industry does
use of some Lean and SCM practices more than others. The practices left behind are
those that manufacturing has made an effort to coordinate and improve, such as
transportation, warehousing, and inventory management. The researcher was able to
find how the correlations between variables vary for manufacturing and construction
and where both converge.
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Going back to the main research questions of this study, the researcher was able
to find answers. The questions and answers were:
1. What is the current use of Lean and Supply Chain Management practices in
construction projects?
The current use of Lean and Supply Chain Management practices in the
construction industry is a work in progress. The results from this study show that the
mean responses for almost every item in the survey range around the middle ground of
“Nor Agree nor Disagree”. This only indicates that there is still room for improvement
and that even though these concepts and practices are not strange to the industry, they
are not as highly assimilated as in other industries.
2. How do Lean and Supply Chain practices in construction correlate to
overall performance measures?
Lean Practices did not show a significant correlation to Overall Performance
measures; however, about 50% of the Supply Chain Management practices were
significantly correlated to Overall Performance in a construction firm. These included:
Integrated Project Development, Warehouse Management, Logistics Participation in
Strategy, Response to Demand, and Product Delivery.
3. How does construction assimilation of Supply Chain Management compare
to manufacturing assimilation Supply Chain Management?
When the means of the responses were aligned and compared with those from
manufacturing, the construction industry showed a higher average response that those
from the study performed in 2004 in the forestry product manufacturing industry.
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Construction rated particularly higher in: Technology Usage, Participative Leadership,
Logistics Participation in Strategy, and Integrated Project/Product Development.

5.6

Recommendations for Future Research

For future research on this area, there several modifications that could improve the
results. These have been identified to be:


Modification of the instrument to a scale or at least 7-point Likert scale.



A greater sample size or a more targeted sample, e.g. only general contractors or
only specialty contractors.



Add size of company on based on annual revenue to understand how size affects
the utilization of Lean or Supply Chain Management Practices.

5.7

Summary

Lean and Supply Chain Management in Construction are still practices in
development. Lean has shown to be a methodology adaptable to construction and its
application was reflected in this study. Some practices within Lean have showed more
adaptability than others, which are still not fully embraced.
Construction is a complex industry that it is already part of a supply chain and that
it depends on its supply chain to deliver projects on schedule, on budget, and with good
quality. However part of the inefficiencies of this industry could be traced to the
disregard or slow adaption of key elements of Supply Chain Management.
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Even though the industry has made an effort to improve, there are still areas that
construction firms could incorporate for better performance.
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Appendix A. Changes to the Original Survey
Technology Utilization:

Internal Relationships:
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External Relationships:

Project Development:

Transportation:
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Inventory Management:

Lean Practices:
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